V. REVIEW OF EXISTING PIPELINE REGULATIONS

A. SCOPE OF REVIEW

The present US federal safety standards for hydrocarbon
pipelines contained in Title 49, Parts 191, 192 and 195 do not,
in general, address problems and requirements of the offshore
Arctic environment. The applicability of these standards to
pipelines in temperate offshore areas is discussed in the
report "Offshore Pipeline Facility Safety Practices,”™ by Dravo
Van Houten, Inc., prepared for the Office of Pipeline Safety
in December 1977. The Arctic environment, however, presents
special hazards to offshore construction or activity because
of low temperatures, thick ice formations, and inaccessibility
to industrial centers for equipment, materials and personnel.
These hazards are discussed in detail in Section II of this
report.

Regulations for these oil and gas pipelines should ensure
system safety and provide protection for the fragile biota.
To evaluate present standards, it is necessary to define the
specific problems of the Arctic conditions. Then, existing
regulations should be examined to determine whether or not
these problems are addressed.

This review will not be confined to US federal safety
standards alone. In addition, two American industry codes,
and government regulations for Canada, Norway and Great Britain,
will be included. In some cases, industry or foreign documents
may suggest desirable additions to our own government specifi-
cations. A brief review of the six regulatory bodies is pro-
vided in Part B of this section.

Table 5-1 lists those items of concern peculiar to the
Arctic offshore which are considered sufficiently important
to require federal regulations.




Table 5-1.,

1. Low Temperature Material 7. Pressure Testing
Properties

8. Inspection and Monitoring
2. lce Scour Procedures
3. Permafrost 9. Environmental Impact
4. Pipeline Stabilization 10. Leak-handling Procedures
5. Corrosion Protection 11. Safety Device'
6. Welding Inspection 12. Thermal Expansion]

Contraction

In Part C of this section these 12 items are considered
individually and the way they are addressed in the six sets
of regulations under review. In each case, an analysis has
been conducted to determine the degree to which each item is
addressed in the regulation. Section VI of this report recom-
mends appropriate changes to the US Code of Federal Regulations,
and provides justification for each instance.

B. REGULATIONS REVIEWED IN THIS SECTION

Six groups of regulations are reviewed and analyzed with
respect to their applicability to offshore gas and oil pipe-
lines in the Beaufort and Chukchi Seas off northern Alaska.

1. United States Title 49 Code of Federal Regulations (CFR)
Parts 191, 192 and 195 (US) -
Revised October 1, 1979
Published by the Office of the Federal Register
National Archives and Records Service
General Services Administration

Part 191 - Transportation of Natural and Other Gas by
Pipeline; Reports of Leaks; Part 192 = Transportation of
Natural and Other Gas by Pipeline: Minimum Federal Safety
Standards; Part 195 - Transportation of Liquids by Pipeline,
govern United States gas and oil pipelines in interstate and
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foreign commerce. The three parts cover onshore and offshore
lines from the outlet flange of specified OCS facilities to
the customer. Parts 192 and 195 include materials, design,
operation and maintenance requirement, among others.

Reports of gas line leaks are regulated by Part 191
while reports of liquid leaks are included in Part 195. Parts
191, 192 and 195 are under the jurisdiction of the US Depart-
ment of Transportation, Materials Transportation Bureau.
Citations of Title 49 CFR Parts 191, 192 and 195 in this
report will appear, for example, as "US 191.1" for clarity
in distinguishing between US standards and standards from
other nations and organizations.

2. Recommended Practice for Design, Construction, Operation
and Maintenance of Offshore Hydrocarbon Pipelines
RP 1111
First Edition March, 1976
Published by the Transportation Department
American Petroleum Institute (API)

As the title shows, the practices prepared by API, an
oil industry trade association, cover only offshore hydro-
carbon pipelines. Requirements for both gas and oil lines
are combined except where differences are specified due to
the nature of the product carried. Leak-reporting activities
are not covered although a section on emergency plans is in-
cluded. The API practices are intended for all climatic
regions, however, 'nothing in the recommended practice should
be considered as a fixed rule without regard to sound engineer-
ing judgment." (APl RP 1111 - Para 100).

3. American National Standard Code for Pressure Piping
B31.4 - Liquid Petroleum Transportation Piping System - 1974
B31.8 = Gas Transmission and Distribution Piping Systems -
1975
American National Standards Institute (ANSI)
Published by the American Society of Mechanical Engineers

ANSI codes B31.4 and B31.8 provide national standards
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for onshore and offshore pressure piping involving liquid
petroleum and gas, respectively. US Part 195 and the British
Institute of Petroleum (IOP) incorporate B31.4 by reference.
IOP also incorporated B31.8 by reference.

The codes prescribe minimum requirements for the design,
materials, construction, assembly, inspection and testing of
pipelines. Users of the codes are cautioned that government
agencies may have issued regulations that differ. When there
is a conflict, the ANSI codes do not apply. System leak
reporting and emergency measures are not covered.

4. Canadian Standards Association
2183 - Oil Pipeline Transportation Systems - September, 1977
2184 - Gas Pipeline Systems - October, 1975
Published by the Canadian Standards Association (CSA)
Rexdale, Ontario, Canada

Canadian standards 2183 and 2184 establish essential
requirements for the design, installation and operation of oil
and gas pipelines, respectively. The standards refer to pro-
hibitions of unsafe practices and warn where caution must be
exercised.

The gas pipeline standard has a supplementary section
titled "Additional Requirements for Pipelines in Northern
Regions.'" The supplement provides for special conditions not
covered in the main text.

Both 2183 and 2184 state that they should not prevent
the development of new equipment or practices, nor prescribe
specifically how such new innovations should be handled (CSA
2183.1.1.4, 2184.1.1.4). The Canadian National Energy Board
has jurisdiction over most Canadian hydrocarbon pipelines and
enforces the CSA standards.




5. Rules for the Design, Construction and Inspection of
Submarine Pipelines' and Pipeline Risers
Det norske Veritas (DnV), Norway
1976

As the title states, the Norwegian rules govern the
design, construction and inspection of submarine pipelines.
The rules apply to both gas and oil lines with specific rules
concerning one or the other noted when necessary. The rules
are based on the assumption that the pipeline is designed and
constructed according to sound engineering practice (DnV
1.2.4.1).

Det norske Veritas 1s a supervisory and inspection body.
Where recognized, DnV rules serve as a supplement to national
regulations - if there is any discrepancy, the national regu-
lations apply. Leak reporting and emergency measures are not
covered.

6. Petroleum Pipelines Safety Code
Applied Science Publishes LTD on behalf of
the Institute of Petroleum (10P), Great Britain
1967

The British code sets forth general requirements for the
safe design, construction and operation of carbon steel pipe-
lines for gas and oil. The code is not a handbook and does
not replace the need for appropriate experience and competent
engineering judgment (IOP 1.1).

Supplements covering emergency procedures (incorporating
leak reporting) and submarine pipelines are included. Appen-
dices covering emergency action,, removal of oil from a water-
course, and approvals required for submarine pipelines also
are presented. A statement in the maintenance section says,
"Pipelines designed and constructed in accordance with this
code are expected to have an indefinite 1ife" (IOP 9.1).
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C. REVIEW OF APPLICABILITY OF EXISTING REGULATIONS

1. Low Temperature Materials Properties

a. Regulations. US gas and oil safety standards each
contain a general statement requiring pipe and components to
maintain their structural integrity under temperature condi-
tions to be encountered (US* 192.53(a), 195.102). Nb other
mention of low-temperature considerations is made.

APl recommended practices cautions designers to consider
low-temperature properties of materials where applicable
(APl 1111.200.3).

ANSI codes for gas and oil pipelines state that they do
not apply to lines with internal pressures above 15 psig if
the design temperature is below minus 29°C (minus 20°F)

(ANSI B31.400.1.2(c), B31.802.13(b)). Pipeline engineers are
cautioned that some of the materials meeting the code may not
be suitable in the lower temperatures (ANSI B31.401.3.1,
B31.814).

Each of the CSA standards for gas and oil lines includes
a general statement cautioning designers to consider low-
temperature properties of materials where applicable (CSA
2183,3.1.1.2, 2184.3.1.2.1). The CSA gas standards require
that attention be given to tensile strength and notch tough-
ness at designated temperatures when specified operating con-
ditions are encountered (CSA 184.3.1.2.2 and 3). The CSA gas
standards also require that all materials and components for
pipelines in northern regions must have adequate properties
for the operating conditions and temperatures there (CSA
2184.11.2.1.1). Other clauses in the supplement consider
such temperature related topics as cooling due to gas expansion

* Note: B in this report refers to Title 49 of the Code of

Federal Regulations normally abbreviated as - 49 CFR.
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(Joule-Thompson effect); evidence of certification, testing
methods and testing temperature, and soil characteristics
(CSA 2184.11.2.1.2, 2184.11.2.2.1 and 2, 2184.11.3.1,
respectively).

DnV provides rules for environmental temperature data
and defines design temperatures (DnV 2.3.7, 2.5, respectively).
Pipelines are to be designed against brittle fracture (DnV
4.1.2). Material selection is to be based on, among other
criteria, the temperatures to which the pipeline may be sub-
jected during installation and operation (DnV 5.1.1.2). Pipes
are to be impact tested at a temperature related to the minimum
design temperature (DnV 5.2.3.7).

IOP code specifies that pipeline design stress need not
be varied for metal temperatures between 118°C (244°F) and
minus 25°C (minus 13°F). For gas pipelines, transition tem-
perature to brittle fracture should be below the minimum
expected temperature (IOP 2.1.4). Fatigue life i1s to be con-
sidered when a large number of temperature and/or pressure
cycles are likely (IOP 2.6.4(b)). The materials section has
a general statement requiring that pipes and components have
properties suitable for the lowest temperature (IOP 3.1.1).

b. Analysis. The effects of low temperature upon pipes
and components are covered by each of the standards reviewed.
The US and APl codes have only general statements. Additional
information, such as definitions of minimum, maximum and dif-
ferential design temperatures between pipe sections (similar
to DnvV 2.5) might be added to the US standards. A statement
directing attention to tensile strength and notch-toughness at
the lowest temperature to be encountered might be appropriate
in view of the brittle fracture hazard. Two other topics for
consideration are the possibilities of metal fatigue, caused
by cycling loads due to internal pressure and/or external load
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variation, and changes in gas temperature from gas expansion
in pipelines.

2. lce Scour

a. Regulations. US Title 49 safety standards do not
address ice scouring except by general statements requiring
that pipelines be adequately protected against anticipated
external loads (US 192.103, 195.110(a)). The gas line
standards require protection from hazards (US 192.317(a))
although there is not a corresponding hazard protection re-
quirement in the oil line standards.

APl and ANSI require protection from hazards (APl 200.5,
ANSI B31.401.51 and 402.1, B31.841.13) but neither mentions
ice scouring. Although the word scour 1S used in APl 200.5,
its context clearly shows that it refers to abrasives suspended
in solution and not bottom-scouring from drifting ice keels.
According to Canada's standards for northern regions (CSA
Z184.11.3.1(a)), investigation of ice scour depths, among other
factors, should be consistent with good engineering practice.
Protection from conditions including ice effects is required
in the main text of the oil standards (CSA 2183.3.1.2.1). A
general statement about protection from abnormal loads appears
in the gas standards (2184.6.4.2).

Det norske Veritas requires consideration of ice condi-
tions and their effect on the pipeline. Ice scour is mentioned,
as are ice forces and ice problems during installation (DnV
2.3.6.1). Environmental loads assumed for normal operation are
not to be less than the most probable severest load within 100
years (DnV 3.3.1.3). Ice loads such as scour are to be con-
sidered (DnV 3.3.6).

Ice or ice scouring does not appear in the IOP codes.
The only reference covering such situations is the requirement




that unusual loadings be allowed for in accordance with
accepted engineering practice (IOP 2.1.8).

b. Analysis. Except for CSA and DnV rules, ice scour-
ing and its effects on subsea pipelines are not covered
directly by the regulations, although it would be governed
indirectly by other regulations in reference to external
hazards. The Canadian and Det norske Veritas rules merely
mention the problem; they do not define requirements.

Ice scour presents an engineering problem.. Additional
research needs to be done for better determination of the
locations, depths, frequency and forces involved. For the
US standards, a requirement might be added that ice scouring
possibilities be investigated and measures taken to prevent
damage to both gas and oil pipelines.

3. Permafrost

a. Regulations. Permafrost and/or the effects of frozen
soil (i.e., frost heave or thaw subsidence) on pipelines is
not covered directly in the US standards. Apart from a require-
ment that gas pipelines shall be protected from unstable soil
(US 192.317(a)), there is no mention of the problem. API's
recommended practices does not cover frozen soil nor does it
include any statements regarding pipelines in unstable soil.
The ANSI liquid petroleum standard states that consideration
in the design be given to systems where subsidence is known to
occur (ANSI B31.401.5.5). The ANSI gas line code does not
contain a similar statement; however, it does say that unequal
settlements may produce added bending stresses in buried pipe
and that uniform support of trenched pipe is essential (ANSI
B31.835.5).

Permafrost and frozen soil are cited as items to be
considered in the Northern Regions supplement to the Canadian
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standards. Preliminary investigations of surface and sub-
surface conditions shall be undertaken. These shall include
forecasting the seasonal behavior of the soil and soil charac-
teristics, such as temperature, susceptibility to frost heaving,
heaving capacity, potential instability, and the capacity to
support plant life following disturbance (CSA Z184.11.3.1(a)).
Stress calculations shall be made in areas where degradation
or growth of permafrost 1s possible, to determine whether the
piping system should be restrained (CSA 2184.11.3.2). For
below-grade installations, when the ground or backfill (i.e.,
ice-rich permafrost) prevents adequate support, or subsidence
will occur consequently, measures shall be employed to achieve
adequate support. Such measures may include, but are not
limited to, use of a more stable backfill, modification of the
thermal regime, or pilings (CSA Z184.11.4.1.1). Likewise, when
the ground or fill material surrounding the pipeline is known
to be susceptible to frost heaving, measures shall be employed
to protect the pipeline from such damage (CSA 11.4.1.2).
Measures also shall be taken to reduce disturbance of deleter-
ious permafrost (CSA 11.4.4.2.2).

Det norske Veritas does not refer to permafrost per se.
The rules require a detailed route survey that, among other
factors, must include seabed geotechnical properties including
possible unstable deposits (DnV 2.2.1, 2.2.5). Pipelines are
to be designed against loss of inplace stability (Dnv 4.1.2.1)
and design analyses are to be based on soil mechanics, among
other criteria (DnV 4.1.1.1).

Permafrost or other ice-related soil problems are not
considered in the IOP code. The only reference to unstable
soil 1s related to a soil/water slurry during subsea trenching
which may affect the negative buoyancy of a pipeline (IOP
11.4.5(h)).

5-10




b. Analysis. With the exception of the Canadian stan-
dards, the regulations reviewed here essentially do not address
the problems of pipelines in frozen soils. Hot oil pipéelines
are particularly sensitive because of the possibility of melt-
ing and subsequent subsidence of frozen areas. Conversely,
refrigerated gas lines may induce additional freezing of the
soil which can allow an ice bulb to form around the pipe,
causing frost heave problems.

Inclusion of a general requirement that surface and sub-
surface soil conditions be investigated would be' an appropriate
addition to US Parts 192 and 195. Without specifying details,
it also may be required that measures be used to achieve
adequate support for the pipe in unstable or frozen areas.

The term "adequate" would be defined in terms of pipe stress
already in the standards. A statement also could be included
cautioning designers about degradation or growth of frozen
soils that could affect a pipeline adversely.

4. Pipeline Stabilization

a. Regulations. US gas and oil standards require that
all offshore pipes at depths between 3.6m (12 ft) and 60m
(200 ft) must be installed so that the top of the pipe is
below the natural bottom unless supported by stanchions, held
in place by anchors, heavy concrete coating, or protected by
an equivalent means (US 192.319(c), 195.246(b)). Exposed gas
lines must have enough anchors and supports to prevent undue
strain, resist longitudinal forces, and prevent or damp out
excessive vibrations (US 192.161(a)). A similar requirement
for oil lines does not appear 'in Part 195.

APl recommends that exposed pipelines be stabilized by
suitable means and entrenched lines should have sufficient
weight to prevent flotation (APl 500.8.1).
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Weight coating IS not covered directly in ANSI stan-
dards. For oil lines, coating is defined as a dead load
(ANSI B31.401.6.2). Expansion of above-ground oil lines may
be prevented by anchoring them so expansion Or contraction
is absorbed in the same way as for buried piping (ANSI
B31.419.1(d)). For gas lines, ANSI requires that bends or
offsets in buried pipes be resisted by anchorage, restraint
due to soil friction, or by longitudinal stresses in the
pipe (ANSI B31.835.1).

CSA oil line standards state that there are fundamental
differences in loading conditions for buried, or otherwise
restrained, piping and pipe not subject to substantial axial
restraint. The effect of restraints shall be considered in
the stress calculations (CSA 2183.3.5.1.3.5). Weight coatings,
river weights, anchors or other means shall be used to main-
tain position of subsea pipe under anticipated conditions of
buoyancy and water motions (CSA 2183.8.5.1.1). Buried gas
pipelines shall have bends or offsets resisted by anchorage,
soil friction or longitudinal stresses in the pipe. Care
should be taken to distribute anchorage loads so that the
bearing pressure is within safe limits (CSA 2184.5.6.1-2).

Det norske Veritas defines weight coating as a material
providing negative buoyancy to a pipeline (DnV 6.7.2.1).
Documentation of performance and specifications of weight
coatings are required (DnV 6.7.3-4). Detailed application
criteria are provided. Other pipeline anchoring systems are
subject to special consideration (DnV 6.7.5-6). Pipelines
are to be designed to prevent excessive damage to, or loss of,
weight coating (DnV 4.1.2.1). The weight coating must be
designed to remain in place for the life of the line and shall
resist minor impacts. A weight coating not continuous over
the joints should add negligible stiffness to the pipe to
avoid overstressing girth welds (DnV 4.2.5). Pipelines shall




not move, apart from permissible deformation from thermal
expansion, and a limited amount of settlement after installa-"'
tion (Dnv 4.2.6.1).

IOP codes allow weight coating, or weights fitted at
intervals, to achieve negative buoyancy. Negative buoyancy
normally should be calculated for empty pipelines regardless
of the contents' weight (IOP 11.4.5). Weight coating is
covered in detail including specific coatings and methods of
application. Coated pipes shall be stored during curing so
coating is not damaged and, if necessary, shall be protected
from frost. Dangers may arise if coating is too strong
causing excessive bending stress at field joints during
laying (IOP 11.5.1.4).

b. Analysis. The US safety standards mention only
weight coatings. Since weight coatings probably will be the
preferred method of obtaining a negative buoyancy for Arctic
offshore pipelines, it would be desirable to provide guide-
lines for weight coatings similar to those for protective
coatings (US 192.461 and 195.238). Other regulations such
as DnV discussed above have detailed requirements of weight
coatings.

5. Corrosion Protection

a. Gas Pipeline Regulations. Each buried or submerged
US gas pipeline installed after July 31, 1971 must be pro-
tected against external corrosion and must have an external
protective coating and a cathodic protective system (US 192.455).
Cathodic protection must meet specific test criteria and be
controlled so as not to damage the protective coating or pipe
(US 192.463). Cathodic protection systems must be tested once
each calendar year; the power source and various other equip-
ment must be tested at intervals not exceeding two months
(US 192.465). Standards for electrical isolation,
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test stations, test leads and interference currents are pro-
vided (US 192.467, 192.469, 192.471, 192.473, respectively).
Corrosive contents may not be transported unless the corrosive
effect has been investigated and steps taken to minimize in-
ternal corrosion (US 192.475(a)). Standards for inspection of

pipe, and replacement if corroded, as specified (US 192.475(b)).

APl recommended practices state that submerged steel
pipelines should be protected by an external coating effective
in the environment to which it is exposed (APl 801.1). Design,
installation and maintenance of cathodic protection systems
should be in accordance with National Association of Corrosion
Engineers (NACE) Recommended Practice 06-75. Stipulations
should be made that:

° Galvanic anode systems use only alloys which
have been successfully tested.

° Galvanic anode systems be designed for per-
iodic replacement or for the life of the
pipeline.

° Components be located and installed to mini-
mize being damaged.

° Electrical interference currents from neigh-
boring pipelines or structures minimized.

e Allowance for water depth and provision made
for the effect of electrical current variation
with time,

° Insulated joints for electrical isolation of
portions of the system, if practical, be above
water (APl 802).
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The effectiveness of the system should be evaluated at
least annually. |Impressed voltage and current output must be
verified and recorded at two-month intervals (APl 804). For
internal corrosion control, APl recommends NACE RP 01-75 be
used to determine the need for a mitigation program. The
variables of each case will determine the methods that should
be used. A monitoring program should be established to eval-
uate the results (APl 803).

ANSI gas standards state that applications of some
corrosion control practices requires a significant amount of
competent judgment. Deviation from the provisions is per-
missible, provided the operating company can demonstrate that
the objectives have been achieved (ANSI B31.861.1). All new
lines shall be protected externally with a coating material
(ANSI B31.862.111). Unless the company can prove it is un-
necessary, all facilities with insulated-type coatings shall
be cathodically protected in accordance with NACE RP 01-72
(ANSI B31.862.113). Requirements for coating inspection,
installation of electrical connections and electrical inter-
ference are provided (ANSI B31.862.112, 862.114, 862.116,
respectively). Electrical measurements and inspections must
be made of cathodic protection systems. The type, number and
location of the tests shall establish the degree of protection
provided. However, each operating company shall inspect its
impressed current cathodic protection facilities at least
annually (ANSI B31.864.1-2). Internal corrosion has to be
prevented. Definitions of non-corrosive and corrosive gases
are provided as well as general standards for inhibitors and
internal coatings (ANSI B31.863.1-3).

CSA standards require coating and cathodic protection
on new systems (CSA Z184.8.2). Electrical requirements are
specified (CSA 2184.8.2.5-10, 2184.8.2.9 and 2184.10.4.2).
The operating company shall establish surveys that verify
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the operation of the various devices. The frequency of these
surveys is to be detailed in the company's operating and
maintenance plan (CSA 2184.8.3.2). When active corrosive
agents are known to be in the gas being conveyed, or if evi-
dence of internal corrosion is discovered, the gas shall be
analyzed periodically and precautions taken to prevent a
hazardous condition (CSA 2184.9.1.1.3).

According to DnV rules, external coating and cathodic
protection by sacrificial anodes or impressed current is
normally required for all submerged pipelines. Wall thick-
ness allowance is considered necessary where internal or
external erosion may be expected. Electrical insulating
devices are to be installed when needed (DnV 6.1.3). A
detailed coating specification is provided which includes
characteristics and properties to be submitted to Dnv for
approval. Also to be submitted for approval are procedure
specifications for pipe coating and field joint coating
application (DnV 6.2.2-5). Corrosion protection by sacri-
ficial anodes is covered by sections on design, materials
and installation. A design and material specification is to
be submitted for approval (Dnv 6.4). Corrosion protection
by impressed current has a virtually identical section on
design and also requires a design specification to be sub-
mitted for approval (DnV 6.5).

Internal protection must be considered for pipelines
which, during installation or operation, may be subjected to
corrosion. Treatment of the product may be utilized as a
means of controlling corrosion, as may pigging at regular
intervals, and corrosion monitoring (DnV 6.6.1.1). If in-
ternal corrosion protection is necessary, specifications of
the systems to be used are to be submitted for approval.
Application of inhibitors or internal coating may be relevant
means of corrosion protection.
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IOP codes state that submarine pipelines should be
coated externally to protect against corrosion (IOP 11.5.1.3)".
Basic requirements for the design of cathodic protection for
coated pipelines include insulation of the pipeline from the
soil. Measuring points should be provided along the pipeline
to determine potential, especially in highly corrosive soils
and vulnerable water areas (IOP 7.3.6). General guidelines
for sacrificial anode and impressed current systems IS pro-
vided (IOP 7.4). Pipe-to-soil potential measurements should
be taken at least annually or whenever an abnormal condition
is indicated (IOP 7.5). No increase in thickness need be made
unless internal corrosion, external corrosion or erosion 1Is
expected. Neither Is allowance required when corrosive fluid
IS to be transported, provided that long-term measures are
taken to prevent such corrosion. Criteria for determining
whether a gas is non-corrosive and non-erosive are provided
(1IOP 2.2.3(b)).

b. Oil Pipeline Regulations. US oil line standards,

like the gas line standards, require protective coating and
cathodic protection (US 195.238, 195.242) on lines installed
since April 1970. Characteristics of the coating are provided
(US 195.238), as are cathodic protection test lead require-
ments (US 195.244). Cathodic protection systems shall be
tested at intervals not exceeding 12 months while each recti-
fier must be inspected at intervals not exceeding two months
(US 195.416). No commodity that would corrode the pipe or
components may be transported unless the corrosion effect is
mitigated (US 195.418(a)). Standards for inspection of pipe,
and replacement if corroded, are specified (US 195.418).

APl recommended practices for liquid oil line corrosion
control are the same as those for gas lines.

ANSI standards require control of external corrosion of
new buried or submerged oil lines but do not dictate how it




is to be achieved. However, within 12 months after installa-
tion, the operating company must inspect the buried or sub-
merged system. If a corrosive condition exists, the piping
system shall be protected cathodically (ANSI B31.461.1.1(a)).
Protective coatings, if used, shall have characteristics
listed in the standards (ANSI 461.1.2).

Electrical isolation, test lead and electrical interfer-
ence standards are provided (ANSI B31.461.1.4-6). Cathodic
protection systems for oil lines shall be tested at intervals
not exceeding 15 months, while impressed current power sources
and various other devices shall be inspected at intervals not
exceeding two months (ANSI 231.461.3). Mitigation of internal
corrosion through the use of frequent scraping, pigging, or
sphering, dehydration, inhibition, or internal coating is
suggested and non-specific standards are given for dehydration,
inhibitors and internal coatings (ANSI B31.462.1).

CSA standards require coating and cathodic protection
on new oil pipeline systems (CSA Z183.10.2.1); electrical
requirements are specified (CSA Z183.10.2.5, 2183.10.2.6-7,
Z183.10.2.7.2, respectively); corrosion control test stations
are to be provided at intervals; test lead connections must
be secure, conductive and, with the test leads, insulated from
the environment (CSA 2183.10.2.9); pipelines shall be surveyed
at intervals not exceeding 15 months to establish that the
cathodic protection meets accepted criteria; impressed current
systems operation shall be verified at intervals of not more
than siXx weeks; operation of other devices shall be verified
at intervals not exceeding 10 weeks or a year, depending on
the device (CSA Z183.10.2.9). The operating company shall
determine the internal corrosive effects of the commodity
being transported in oil lines. Appropriate action shall be
taken to minimize the effects of internal corrosion. Actions
to be considered include, but are not limited to, dehydration,




inhibitors, pigging and internal coating. Adequate techniques
shall be utilized to determine the effectiveness of the inter-
nal corrosion mitigation (CSA 2183.11).

DnV and IOP rules for liquid oil pipeline corrosion
protection are the same as for gas lines previously described.

c. Analvsis. External corrosion effects are the same
for both gas and oil pipelines, yet the US Part 192 goes into
greater detail than Part 195. Briefer Part 195 standards do
not conflict with those in Part 192 and the possibility of
making the external corrosion sections of both parts identical
should be considered. US gas line regulations, while not as
detailed as the Canadian and Det norske Veritas rules, appear
to need no additions to make them suitable for Arctic subsea
conditions. Likewise, internal corrosion protection standards
in Parts 192 and 195 appear to be satisfactory.

6. Welding Inspection

a. Regulations. Visual inspection of welding must be

conducted, according to the US standards for gas and oil
pipelines, to insure that welding i1s performed in accordance
with approved procedures and the weld's acceptability is
determined according to APl standard 1104-1973, Section 6
(US 192.241, 195.228). One hundred percent of offshore gas
and oil pipeline field butt welds, with insignificant excep-
tions, must be nondestructively tested. |If testing all welds
is not practicable, not less than 90 percent shall be done.
Nondestructive testing must be performed by any process that
will indicate clearly imperfections that may affect the in-
tegrity of the weld (US 192.243, 195.234).

APl practices state that all girth welds should be
inspected visually. If practical, 100 percent of the girth
welds in the pipeline should be inspected by radiographic or




other nondestructive methods before coating the weld area.
In no case should fewer than 90 percent of such welds be soO
inspected (APl 600.3.2).

Standards of acceptability for various welding charac-
teristics according to ANSI gas and oil pipeline codes, are
set forth under API standard 1104 and are applicable to the
determination of defects located by visual inspection, radio-
graphy or other nondestructive methods (ANSI B31.434.8.5(b),
B31.826.2(c)). One hundred percent of the girth welds on
offshore oil pipelines shall be inspected by radiographic or
other accepted nondestructive methods (visual inspection
excepted) (ANSI B31.434.8.5). The ANSI gas line standard
(B31.826.2) specifically does not mention offshore applica-
tions regarding girth weld inspection. However, at major or
navigable river crossings, with insignificant exceptions, 100
percent nondestructive testing (excepting visual and trepanning)
shall be performed if practical, but otherwise not less than
90 percent.

The Canadian Standards Association does not specify
visual inspection of girth welds; however, standards of accept-
ability apply to the determination of defects by visual, radio-
graphic or other nondestructive test methods of gas and oil
lines (CSA 2183.5.10.1, 2184.4.11.1). One hundred percent of
offshore gas and oil pipeline girth welds shall be radio-
graphically inspected (CSA 2183.5.9.1.2.1, 2184.4.10.2.1.2).
Detailed descriptions and specifications of welding defects
that are and are not allowed appear in the gas and oil stan-
dards (CSA 2183.4.11.3-10, 2184.5.10.3-10). Standards for
the production of radiographs also are given (CSA 2183.5.12,
2184.4.13.1).

Det norske Veritas rules for offshore gas and oil pipe-
lihes require visual examination of field welds before, during
and after welding (Dnv 8.6.2). All field welds are to be




examined 100 percent by either radiography, or ultrasonic plus
magnetic particle testing. |If radiographic examination 1Is
applied, the society may specify additional spot examinations
by ultrasonics, or other relevant methods, dependent on the
applied welding method (DnV 8.6.3.1). External appearance
characteristics of field welds are specified (DnV 7.2.6.11).
Detailed standards of acceptability for welding are supplied
which include both the weld itself and results of the various
means of nondestructive testing (DnV 10.5). Procedure speci-
fications and related requirements for nondestructive testing
are given (DnVvV 1.2-4).

Institute of Petroleum rules state that all field welding
of individual pipes should be examined by radiographic methods
(IOP 11.5.1.2). The topic is repeated in a later section which
states that a complete radiographic examination of all but
welds on submarine pipes should be made, usually by means of
a suitable x-ray machine (IOP 11.5.3.3). The radiographic
procedure should conform to the requirements of APl standard
1104 or British standard 2910 (IOP 5.3.13).

b. Analysis. Visual inspection of pipeline welds is
required by all of the regulations reviewed. Detailed stan-
dards of acceptability are listed, either directly or by refer-
ence. All of the regulations reviewed concur that 100 percent
of the girth welds be tested nondestructively. Some, includ-
ing the US, permit only 90 percent if testing 100 percent of
the welds is not practical.

The US standards are as applicable as any of those
reviewed in terms of suitability for the Arctic with the excep-
tion of clauses permitting nondestructive testing of 90 percent
of welds if 100 percent testing is not practical. The possi-
bility of requiring testing of all welds without exception may
be preferred.




7. Pressure Testing

a. Regulations. US standards require pipelines to be
pressure-tested before being placed in service and before being

returned to service after a segment has been relocated or re-
placed (US 192.503(a), 195.302(a)). Gas pipelines must use
liquid, air, natural gas or inert gas that is compatible with
the pipeline material, relatively free of sediment and, except
for natural gas, nonflammable (US 192.503(b)).

If air, natural gas or inert gas is used as the. test
medium, the maximum hoop stress is limited to 90 percent of
SYMS for Class 1 location gas lines (US 192.503(c)). Gas
pipelines to be operated at a hoop stress of 30 percent or
more of SMYS and all offshore pipelines installed after July
31, 1977, when hydrostatically pressure-tested, must be tested
to 125 percent of maximum operating pressure. The strength
test must be conducted by maintaining the pressure at or above
the test pressure for at least eight hours (US 192.505).

Each liquid oil pipeline must be tested hydrostatically
without leakage. The test pressure which is 125 percent of
the maximum operating pressure must be maintained for at least
24 hours (US 195.302). Offshore liquid oil pipelines must
use water as the test medium (US 195.306(a)).

APl specifies that all new pipeline systems be pressure
tested after construction (APl 601.3.1). Every point in an
offshore hydrocarbon pipeline system should be subjected to a
test pressure not less than 125 percent of the internal design
pressure, plus the external pressure at that point. The dura-
tion of the post-installation pressure tests should not be
less than eight hours. Pressure tests should be conducted
using water as the test medium, except that air or gas may be
used, provided a failure or rupture of the pipeline would not
endanger personnel. Effects of temperature change should be




taken into account when interpretations are made of recorded
test pressures (APl 601.4.1).

ANSI codes require all liquid petroleum and gas pipe-
lines to be tested after construction (ANSI B31.437.1,
B31.841.31). Liquid petroleum piping systems to be operated
at a hoop stress of more than 20 percent of the SMYS shall be
subjected to a hydrostatic test equivalent to not more than
1.25 times the internal design pressure at that point. The
test duration shall not be less than eight hours. It shall
be conducted with water, except under certain specified con-
ditions when the use of liquid petroleum, that does not vapor-
ize rapidly, is permitted. Effects of temperature changes
shall be taken into account when interpretations are made of
recorded test pressures (ANSI B31.437.4.1). All gas pipelines
to be operated at a hoop stress of 30 percent or more of the
IMYS shall be tested with air or gas or hydrostatically to 1.1
times the maximum operating pressure (ANSI B31.841.3).

CSA requires that oil and gas pipelines be pressure-
tested (CSA 2183.7.11, 2184.6.4.7). Oil pipelines shall under-
go successfully a test pressure of 125 percent of the intended
maximum operating pressure for 24 hours, or a strength test
of not less than four hours duration and a proof test (CSA
2183.7.1.2). Buried gas pipelines to be operated at 30 per-
cent or more of SMYS shall be tested to at least 1.25 times
the maximum operating pressure for a minimum of 24 hours.

The testing medium for oil pipelines, with a maximum
operating pressure greater than 100 psig, shall be water
wherever practicable. Oil may be used for special situations
(CSA 2183.7.4.1.1). Air or other gases may be used as the
testing medium for oil pipelines with a pressure of 100 psig
or less (CSA 2183.7.4.2). Gas pipelines shall be tested with
air, gas or an approved liquid. Wherever practicable, a liquid
instead of a gaseous medium shall be used (CSA Z184.6.4.8.1.2).
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In Northern regions, the stresses and reactions of gas lines
in unstable soil shall be investigated when the weight of the
test medium contributes additional stresses. The temperature
of the test medium shall be such as to prevent detrimental
melting of permafrost (CSA Z184.11.5.2).

DnV requires pipelines to be tested hydrostatically
after installation to 1.25 times the design pressure for 24
hours. Design pressure is defined as the maximum steady state
operating pressure for which the pipeline system is built.
Hoop stress shall not exceed 90 percent of SMYS (DnV 8.8.4).
Test mediums are not specified.

IOP codes require a hydrostatic pressure test on the
completed pipeline, or on each completed section, as conve-
nient. Water is the only test medium specified for hydro-
static testing (IOP 6.4). The pressure shall be raised to
1.5 times the maximum working pressure or to that which will
result in a hoop stress equal to 90 percent of the SMYS for
24 hours, (which corresponds to the 49 CFR 192.111 Class 1
location 0.72 design factor multiplied by 1.25). If the
ground temperature at pipe depth is 0°C (32°F) or less, or
may fall to that before the test is completed, or if water
of satisfactory quantity is not available in sufficient
quality, an air test to 1.1times the maximum operating
pressure should be made (IOP 6.3).

b. Analysis. Pipeline pressure test requirements are
generally consistent among the rules reviewed. For US off-
shore pipelines, the test pressure factor iIs 1.25 times
maximum operating pressure, increasing to 1.5 for inhabited
onshore areas. This is considered satisfactory for Arctic
offshore applications.

One difference among the standards that bears further
scrutiny 1s the duration of testing. APl and ANSI require




eight hours while CSA, DnV and IOP require 24 hours. The US
standards list eight hours for gas lines and 24 hours for oil..
It appears that eight hours duration would be too short a
period for adequate testing of a subsea Arctic line. Equali-
zation of temperature throughout the test medium may not occur
within eight hours, and the logistics involved in physically
inspecting for leaks might not be completed satisfactorily
within that period.

8. Insvection and Monitoring Procedures

a. Material and Construction Inspection

(1) Gas Pipeline Regulations. Every US pipeline
must be inspected to ensure that it 1s built in accordance
with the standards (US 192.305). Each length of pipe and all
components must be inspected visually at the site to ensure
that they have not sustained any visually determinable damage

(US 192.307). Each external coating must be inspected just
before lowering the pipe into the ditch and backfilling
(US 192.461(c)).

APl recommended practices state that the operating
company should make provisions for suitable inspection of
pipelines and related facilities by qualified inspectors to
assure compliance with the construction specifications (API
500.2). During construction, pipelines and related facilities
should be inspected for compliance with the material, con-
struction, welding, fabrication and testing provisions of the
recommended practice and the written specifications (APl 600.1).
APl inspection requirements cover materials and installation.
Inspection of materials concentrates on pipe condition and
coating (APl 600.3.1). Installation inspection includes joint
surfaces and alignment, field coatings, welds, fit of pipe on
the bottom and cover, if any (APl 600.3.2).




ANSI standards state that the operating company shall
make provisions for suitable inspection of pipelines and re-
lated facilities by qualified inspectors (ANSI B31.841.221).
For gas lines to operate at 20 percent or more of SMYS, certain
installation inspections shall be at sufficiently frequent
intervals to assure good quality. The inspections include the
pipe surface before coating and before lowering into the ditch,
joint conditions before and after welding, ditch bottom condi-
tion, pipe fit in ditch, and repairs and special tests, if any
(ANSI B31.841.222).

CSA requires pipelines to be inspected to ensure they are
built in accordance with the standard and construction speci-
fications (CSA 6.4.6.1-2).

DnV rules state that the owner 1s to provide adequate
inspection during fabrication. Before installation, an inspec-
tion may be required to assure that no damages have occurred
during transportation (DnV 1.6.2-3). The owner is to provide
adequate inspection during installation which takes place
under the surveillance of DnV. The surveyor (DnV inspector)
is to inspect all phases of the installation process that may
affect structural integrity and is to assure that the installa-
tion proceeds according to approved procedures (DnV 1.6.4).

IOP states that the company and the contractor each
should employ a competent supervisor with an adequate staff
to ensure that the code recommendations are met (IOP 5.4).
Installation inspections for submarine pipelines includes
pipe-end conditions, alignment before welding, welding and
undersea inspections (IOP 11.5.3.1-3, 8).

(2) Oil Pipeline Regulations. US inspection stan-

dards for liquid oil lines are essentially identical to the
gas line standards already mentioned. US liquid oil line
citations are: inspection of construction in accordance to




standards (US 195.204), visual inspection of materials (US
195.206) and inspection of pipe coating (US 195.238(b)).

APl practices for gas lines (APl 500.2, 600.1) previously
described, also apply to liquid oil lines.

ANSI standards state that the operating company shall
make provisions for suitable inspection of pipelines and re-
lated facilities by qualified inspectors (ANSI B31.434.2).
Fabricated items and pipe (before coating) shall be inspected
before assembly into the mainline or manifolding- (ANSI B31.434.5).
All piping components must be inspected visually to insure that
no mechanical damage has occurred before connection. During
construction, the following shall be inspected: pipe surface
before and after coating, joint fit-up, welds, repairs, ditch
condition, pipe fit into ditch, installation of components,
backfill, and crossings, if any (ANSI B31.436.5.1).

CSA requires installation inspection provisions that
shall be adequate to ensure quality and safety. |Inspection
requirements shall begin at the field installation location
(CSA 2183.6.1). Pipe shall be inspected visually for defects
(CSA 2183.6.2.1.1). Installation inspections include pipe
condition before any coating and before lowering and backfill-
ing, welds, repairs, ditch condition and backfilling (CSA
2183.6.2.1.2).

DnV rules (DnV 1.6.2-4) and IOP codes (IOP 5.4) for gas
lines also apply to liquid oil lines.

(3) Analysis. Of the standards reviewed, only the
US codes do'not provide specific requirements for inspection
during and after pipe installation. The US has a general
statement to the effect that the line must be inspected to
ensure it is built to standards and that the pipe coating
shall be inspected before lowering into a ditch but does not




provide specific information like the others, i.e., ANSI
B31.436.5.1 (oil) and B31.841.222 (gas).

Otherwise, the various codes are reasonably consistent
although the ANSI and CSA gas line standards lack provisions
for visual inspection of materials before construction. DnV
was the only one to include inspection during component fabri-
cation in their pipeline rules. Presumably, such inspections
are covered elsewhere by the other standards-makers.

b. Monitoring During Operation

(1) Gas Pipeline Regulations. According to US
standards, each operator shall have a procedure for continuing
surveillance of its facilities to determine changes in class
location, failures, leakage history, corrosion, substantial
changes in cathodic protection requirements, and other unusual
conditions, and to take appropriate action (US 192.613(a)).

Each operator shall have a patrol program to observe surface
conditions, on and near the right-of-way, for factors affecting
safety and operation. The frequency of patrols for offshore
lines is a minimum of one per year (US 192.705). Each pressure-
limiting station, relief device (except rupture discs), and
pressure-regulating station with its equipment, must be sub-
jected to inspections and tests at intervals not exceeding one
year (US 192.739). Each transmission line valve, that might

be required during any emergency, must be inspected and par-
tially operated at intervals not exceeding one year (US 192.745).
Cathodic protection systems must be tested once each calendar
year (US 192.463).

APl practices state that each operating company should
develop working, inspection and maintenance procedures based
both on recommended practice and on the company's experience,
knowledge of its facilities, and operational conditions (API
700.1). Each operator should maintain a periodic pipeline




patrol program to observe conditions along the route which
could affect safe operation (APl 701.5). Pressure-limiting
devices and other safety equipment on non-production platforms
should be subjected to periodic inspections at a maximum in-
terval of six months (APl 701.6). Above-water valves should
be inspected annually (APl 701.9). The effectiveness of the
cathodic protection system shall be evaluated at least annually
(APl 804).

ANSI requires each company to have an operating and
maintenance plan in accordance with the code (ANSI B31.850.2).
Each operating company shall establish and implement procedures
for continuing surveillance of its facilities. A periodic
patrol program shall be maintained to observe surface condi-
tions affecting the safety and operation of the pipeline (ANSI
B31.851.1-2). AIll pressure-limiting and regulating stations
shall be subject to systematic, periodic inspections and suit-
able tests (ANSI B31.853.31). Valves that might be required
during an emergency shall be inspected periodically and par-
tially operated at least once a year (ANSI B31.853.4). Each
operating company shall inspect its impressed current cathodic
protection facilities at least annually (ANSI B31.864.2).

Each company, according to CSA standards, shall have a
written plan covering operating and maintenance procedures in
accordance with the standard (CSA Z184.9.1.1.1(a)).

It must maintain a periodic transmission line patrol pro-
gram to observe surface conditions affecting safety and operation
(CSA 2184.9.2.1). All relief devices and equipment in pressure-
limiting and pressure-regulating stations shall be subjected,
at least annually, to inspections and tests (CSA 2184.9.6.1.1).
Transmission line valves that might be required during an emer-
gency shall be inspected and partially operated at least once
a year (CSA 2184.9.7.1). The operating company shall establish




surveys that its cathodically-protected pipeline systems meet
accepted criteria for cathodic protection (CSA z184.8.3.2.1).

DnV rules state that the owner should provide running
inspection sufficient to initiate maintenance work to retain
built-in safety (DnV 9.2.3.1). The frequency and extent of
periodic surveys will depend on various factors, one of which
is the degree of exposure to potential damage. Normally, a
periodical survey is to be carried out annually unless other-
wise agreed upon with DnV (DnV 9.3.1.1-2). DnV requires an
annual survey to verify that no unacceptable damages have
occurred to the pipe, corrosion protection system or weight
coating. Other parts of the annual survey include test of
the cathodic protection system, inspection by gauging-pig and
when the nature of the pipeline prohibits direct inspection,
measurement by internal pig-type instruments. Pipe wall
thickness measurements may be required when there is reason
to believe corrosion or erosion is occurring. Pressure-
limiting and other safety devices should be tested and in-
spected annually (DnV 9.3.2).

According to the I0P code, the operation of pipelines
depends to a large extent on the pipe contents, and each
operator should formulate a procedure for safe pipeline opera-
tion. Particular emphasis should be upon protection from
overpressure, instruments to give warning and to shut down
pumps in case of damage to the pipeline, regular inspection
of the route, and regular checking of the cathodic protection
system (IOP 8.1). I0OP recommends that long submarine pipeline
routes be inspected regularly by aerial patrol (I10P 11.9).
Regular underwater inspection should be carried out where
there is risk of damage to the pipeline (IOP 11.10). If the
pipeline crosses areas where there is particular danger of
water pollution being caused by any leakage, a 24-hour static
pressure test (1.5 times maximum working pressure or to that
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which will result in a hoop stress equal to 90 percent of the
SMYS) should be conducted once per year (IOP 9.2).

(2) Oil Pipeline Regulations. US standards require
that each carrier shall prepare and follow written procedures

for conducting normal operations, and for maintenance and
handling of abnormal operations and emergencies (US 195.402(a)).
Each carrier shall, at intervals not exceeding two weeks, in-
spect the surface conditions on or near to each pipeline right-
of-way (US 195.412(a)). At intervals not exceeding 12 months,
each carrier shall conduct tests to determine whether the
cathodic protection is adequate (US 195.416). Each mainline
valve shall be inspected at intervals not exceeding SiX months
(US 195.420(b)).

As previously mentioned, DnV and APl recommended practices
for monitoring oil lines are the same as those for gas lines.

ANSI requires each operating company to have an operating
and maintenance plan based on the provisions of the code (ANSI
B31.450.1). Each company shall maintain a periodic pipeline
patrol program, including underwater crossings, to observe
surface conditions and other factors affecting the safety and
operation of the line (ANSI B31.451.5). Pipeline valves shall
be inspected when necessary and partially-operated at least
once a year (ANSI B31.451.7). Controls, pressure limiting
devices and other safety equipment shall be subjected to
inspections and tests at least annually (ANSI B31.452.2).
Cathodic protection facilities shall be inspected at least
each calendar year, but with intervals not exceeding 15 months
(ANS1 B31.461.3(a)) .

With the exception of corrosion control monitoring, CSA
standards for liquid oil lines are the same as for gas lines,
although the wording is different. Citations for liquid oil
standards are: operating and maintenance plan (CSA Z183.9.2.1),




right-of-way patrolling (CSA Z183.9.13.4), and control and
safety devices (CSA 2183.9.5). Cathodic protection systems
shall meet accepted criteria by a survey each calendar year,
but at intervals not exceeding 15 months (CSA 2183.10.3.2.1).
This is in contrast to the gas line standards which state
survey intervals as “periodic."

IOP codes for liquid oil inspection during operation
are the same as those for gas lines with the following excep-
tion. Para. 9.2 states that a static pressure test (1.5 times
maximum working pressure or to that which will result'in a
hoop stress equal to 90 percent of the SMYS) of 24 hours dura-
tion should be performed once a year if the pipeline crosses
areas where there are particular dangers of water pollution
being caused by any leakage. Para. 9.2 goes on to state that
such tests are impracticable on continuously operated hot oil
pipelines.

(3) Analysis. All of the standards require a pro-
cedure for operation and maintenance of pipelines. All require
periodic patrolling of the right-of-way and inspection of
various pipeline features.

One difference between the standards reviewed is the
maximum time interval permitted between patrols or inspections.
With one exception, the US standards are equal or more strin-
gent than the others (APl recommends a six-month maximum
interval between pressure-limiting and safety device inspec-
tions while the US specifies a one-year maximum). Many of the
codes require "periodic" patrolling and inspection without
mentioning time limits. DnV defines periodic as a maximum of
one year unless otherwise agreed upon. Because of the hazard-
ous environment of the subsea Arctic, consideration might be
given to reducing the US 12-month maximum between gas line
patrols. Adverse weather conditions may make the US two-week
oil line patrol interval (US 195.412(a)) unrealistically frequent.
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Valve inspection standards provided the greatest dis-
parity in requirements. The US codes require gas line valves
that might be used in an emergency to be inspected and par-
tially operated ever 12 months while each oil line main valve
shall be inspected every six months. CSA oil line valves,
Dnv gas and oil valves, and I0P gas and oil valves are not
mentioned in their respective codes concerning inspections.
However, the valve inspections could be covered indirectly by
other regulations.

None of the standards addressed subsea valve inspection;
the closest was API's mention of above-water valve inspection,
but no matching standard for underwater valves was provided.
Only IOP specified subsea inspections under certain conditions
(I0OP 11.10).

9. Environmental Impact

a. Regulations. US gas line standards require operators
to establish written procedures for shutting down and reducing
pressure in any section necessary for minimizing hazards to
life or property (US 192.615(a,(6)). The liquid pipeline stan-
dard also specifies that if a condition presents an immediate
hazard to persons or property, the carrier may not operate the
affected part of the system until corrective measures have been
taken (US 195.401(b)) and in case of pipeline abandonment
safety and environmental hazards were to be minimized (US
195.401 (C.10); 1979).

APl Recommended Practices 1111 makes no reference to
environmental effects of pipeline operations.

ANSI liquid oil line standards state that the primary
purpose of their code is to establish requirements for safe
design, construction, inspection, testing, operation and
maintenance of liquid petroleum transportation piping systems
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for, among other goals, reasonable protection of the environ-
ment (ANSI 400(c)). A written emergency plan, discussed in
Topic 10 of this section, shall be established by the operator
and include procedures for remedial action to protect the
environment and limit accidental discharges (ANSI B31.454(a)).
ANSI gas line standards (B31.8) do not mention environmental
effects.

CSA gas and oil line standards each contain requirements
for environmental protection. For oil lines, each company
shall establish effective pollution prevention and control
measures to minimize the effect of the operation upon the
environment. Aspects to be considered include sensitivity of
route and terrain traversed, vegetation, noise pollution,
thermal pollution, and aesthetics (CSA 2183.9.6). Similarly,
for gas lines, all facilities shall be designed, installed and
operated to prevent or control pollution. Various aspects to
be considered are listed (CSA 2184.11.3.3.1-2).

DnV rules include no provision for pipeline system
effects on the environment.

IOP codes include environmental effects to be considered.
Although they are intended for onshore applications, the follow-
ing three also might apply to shoreline and subsea Arctic
situations: before work starts, a record should be made of
any existing special features so they may be adequately rein-
stated if disturbed; it is essential that contractor's workmen
avoid trespassing outside the working limits of the pipeline
route (IOP 5.1.1); due consideration should be given at all
times to the protection of established fishing rights and to
the preservation of fish (I0OP 5.1.8).

b. Analysis. The effect of pipelines upon the environ-
ment, with the exception of CSA and IOP standards, and brief
statements in US 195, generally is not addressed by the codes
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reviewed. However, in the case of the US standards, such
effects are under the jurisdication of governmental bodies
other than the Department of Transportation. Nonetheless,
minimizing the effects of a pipeline involves engineering
and inspection (i.e., patrolling) functions which do appear
in the standards. It i1s beyond the scope of this analysis
to determine the kind or amount of overlap between governing
agencies.

10. Leak Handling Procedures

a. Gas Pipeline Regulations. US Part 191 prescribes

requirements for reporting gas leaks and test failures. It
does not apply to those occurring in the gathering of gas
outside the limits of any city, town or village or any desig-
nated residential or commercial area (US 191.1).

US Part 192.615 contains emergency plan requirements.
Each operator shall establish written procedures to minimize
the hazard resulting from a gas pipeline emergency. Subjects
the procedures must provide for include: events requiring
immediate response; communication with appropriate fire;
police and other officials; prompt and effective response to
a notice of emergency; and the availability of personnel,
equipment, tools and materials, as needed at the scene of an
emergency. Other subjects include emergency shutdown, making
safe any hazards, and beginning an investigation of the fail-
ure (US 192.615). Each operator shall establish procedures
for analyzing accidents and failures to determine the cause
and minimize a recurrence (US 192.617).

APl recommended practices require a written emergency
plan which includes procedures for expedient remedial action.
This plan should provide for personnel training, liaison with
officials, and measures to control pollution (APl 702). Acci-
dents and significant material failures must be investigated




to determine their cause, and steps taken to prevent their
recurrence (APl 701.10).

ANSI requires each operating company to set up an emer-
gency plan and acquaint appropriate employees and public
officials with the plan (ANSI B31.850.4). Procedures shall
be established to analyze all failures and accidents, and to
minimize the possibility of a recurrence (ANSI B31.850.5).

CSA standards require each operator to have a written
plan which shall include procedures for safe shutdown of the
pipeline, or part thereof, in the event of a failure or other
emergency (CSA Z184.9.1.3.3).

DnV rules for gas lines contain no material relating to
this topic.

IOP requires pipeline leaks in the United Kingdom to be
reported to the Ministry of Power (IOP 10.3.12). A model
leakage report form is provided (IOP Appendix C). The purpose
of drawing up emergency procedures for a pipeline is to ensure
that the operating staff and others to be involved are informed
regarding action to be taken in the event of an emergency (IOP
10.1). Factors to be considered, among others, are liaison
with public authorities, scope of emergency procedures, emer-
gency equipment availability, remedial action, and emergency
exercises (IOP 10.2-5). Each of the above subjects, and
others, has detailed guidelines to aid in the preparation of
emergency procedures for individual pipelines. I0P Appendix
A contains laws regarding government notification of accidents,
and Appendix B provides instructions for removal of oil from
a watercourse.

b. Oil Pipeline Regulations. US standards require the
reporting of certain pipeline accidents to the Department of
Transportation via DOT Form 7000-1 (US 195.54). Some incidents




requiring a report include: an explosion or fire not set
intentionally by the carrier; loss of 50 or more barrels of
liquid; and death or bodily harm to any person (US 195.50).
Telephonic notice of certain serious accidents also iIs re-
guired (US 195.52). Each carrier shall prepare and follow
a manual of written procedures for normal operations and
emergencies. |If the Secretary finds that a carrier's pro-
cedures are inadequate, he may require them to be amended.
Specific requirements for procedures are provided (US 195.402).
Each carrier shall establish and conduct a continuing train-
ing program to instruct personnel in the various normal and
emergency procedures that relate to their assignments (US
195.403). Each company must have a communication system to
provide for the transmission of information needed for the
safe operation of its pipeline system (US 195.408). A con-
tinuing public education program shall be established to
enable the public to recognize and report liquid pipeline
emergencies (US 195.440).

APl recommended practices for liquid oil lines are
identical to those already mentioned for gas lines.

ANSI requires each operating company to have a written
emergency plan which shall include procedures for prompt re-
medial action. The plan shall provide for training personnel,
liaison with civil agencies and cooperative leak notification
with other pipeline operators, among other subjects (ANSI
B31.454). Each company must report changes in conditions
affecting the system, establish procedures to analyze all
failures and accidents, attempt to minimize a recurrence, and
modify plans and procedures as conditions require (ANSI
B31.450.2).

CSA standards state that records shall be maintained to
assist in the development of procedures for use during emer-
gency conditions. Among others, the records shall include a
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list of agencies to contact in case of emergency, containing
names and phone numbers of key personnel, and location and
description of major repair equipment (CSA 2183.9.9.4).

DnV rules for liquid oil lines contain no material
relating to this topic.

IOP codes for liquid oil lines are the same as those
previously described concerning gas lines.

c. Analysis. There is a wide disparity among the regu-
lations reviewed. The IOP codes devote an entire chapter to
emergency procedures and include various appendices on the
subject while DnV rules do not mention emergencies at all.

CSA standards, usually highly-detailed, provide little guid-
ance.

The US standards contain detailed material on gas and
oil leak reporting requirements which appear to be adequate.
The combination of telephonic and written reports of certain
incidents also would be applicable to Arctic conditions,
although delays in making telephone contact (probably via
radio from the field) with the DOT could be expected.

Emergency plan requirements are essentially the same
between the organizations that require them with the exception
of the minimal CSA provisions. The only differences are in
the amount of detail explaining the various procedures that
are required. Provision for personnel emergency training and
review might be added to US gas line standards in a manner
similar to the new oil line standards (US 195.403; 1979).
Failure investigation requirements between those who addressed
it were nearly identical. Remedial action, mentioned only by
API, ANSI and 10P provided no additional information on the
subject. Inclusion of a requirement in the US standards for
a complete remedial action plan, updated regularly, for Arctic
pipelines should be considered.
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11. Safety Devices

a. Regulations. US gas pipeline standards contain
criteria for emergency shutdown systems, pressure-limiting
devices and additional safety equipment for compressor sta-

tions. Each compressor station (except for unattended field
stations, 1,000 horsepower or less) must have an emergency
shutdown system (US 192.167), pressure relief or other devices
to prevent operating pressures exceeding the maximum by more
than 10 percent (US 192.169), adequate fire protection facil-
ities, a device to prevent excessive speed of specified prime
movers, and other safety devices (US 192.171).

Each US liquid oil line pump station must be provided
with safety devices that prevent over-pressuring, a device for
emergency shutdown and, if power IS necessary to actuate the
safety equipment, an auxiliary power supply (US 195.262). No
carrier may permit the pressure in a pipeline during surges
or other variations to exceed 110 percent of the operating
pressure limit. Each carrier must provide adequate controls
and protective equipment to control the pressure within this
limit (US 195.406(b)).

APl gas and oil practices state that a safety system
should be provided that will prevent or minimize the conse-
guences of over-pressure or leaks (APl 400). Gas compressor
stations and other gas pipeline facilities on non-production
platforms should be provided with a safety system in accor-
dance with ANSI B31.8 and be protected by valves or other
components to shut off flow of gas to the platform in an
emergency (APl 402.4).

Liquid hydrocarbon pipeline facilities on non-production
platforms in which pressure generating equipment is installed
should be provided with a safety system appropriate to the
pipeline and with an effectiveness equal to that of APl 14C,




Appendix A, Section A9. The design of the safety system also
should consider the need for limitation of surge pressure and
other variations (APl 402.1).

ANSI gas line standards for protection against accidental
over-pressuring require suitable pressure-relieving or pressure-
limiting devices (ANSI B31.845.1). Specific types of these
devices and requirements for their design and capacity are
mentioned (ANSI B31.845.2-4).

ANSI oil line standards specify requirements for installa-
tion of pressure controls and protective equipment, including
pressure-limiting devices, regulators, controllers, relief
valves, and other safety devices (ANSI B31.434.20.6).

CSA requires each gas line compressor station to have an
emergency shutdown system and CSA provides requirements for
such a system (CSA 2184.6.6.5.1.1). Pressure-relief or other
suitable protective devices shall be installed and maintained
to assure that the maximum allowable operating pressure of the
station piping and equipment is not exceeded by more than 10
percent (CSA 2184.6.6.6.1). Various other compressor-station
safety devices also are required (CSA 2184.6.6.6-7, 9). Every
pipeline system shall be equipped with suitable pressure-
relieving or pressure-limiting devices (CSA 2184.6.8.1).
Requirements for the design and capacity of these installations
are provided (CSA 2184.6.8.6-7).

C3A liquid oil line standards require installation of
pressure—-limiting devices to ensure that maximum pressure,
including all transient pressures, shall not exceed either 88
percent of the proof-test pressure or that pressure correspond-
ing to 93 percent of the SMYS (CSA 2183.7.5.1.2).

DnV rules for gas and oil lines assume that the pipeline
IS operated and controlled by a system designed according to
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generally recognized codes or standards, including require-
ments for adequate automatic- emergency shutdown systems
(DnV 1.2.4.2).

The IOP section on operation, covering gas and oil lines,
states that particular emphasis should be placed on safety
devices for protecting the pipeline from pressures in excess
of those for which it was designed. Also important are warn-
ing instruments and shutdown pumps, in case of damage caused
to the pipeline by Act-of-God or third-party activities (IOP
8.1).

b. Analysis. Of the standards reviewed, the US require-
ments for both gas and oil lines are the most complete. The
US Parts 192 and 195 seem adequate for Arctic subsea pipeline
systems.

In contrast, DnV rules provide essentially no material
on the subject. APl and IOP codes cover safety devices in
general terms, although the APl gas line practices incorporate
ANSI B31.8 by reference. ANSI gas line standards include
requirements for the design and capacity of protective devices,
a subject also covered in the CSA gas line standards, but not
in any of the others. However, the ANSI and CSA gas line
standards apply only to above ground systems. ANSI oil line
standards specify installation requirements for safety equip-
ment but do not discuss the devices themselves. The CSA stan-
dards provide detailed requirements for gas lines but include
minimal material for oil lines.

12. Thermal Expansion/Contraction

a. Regulations. US gas line standards state that each
pipeline must be designed with enough flexibility to prevent
thermal expansion or contraction from causing: excessive
stresses in the pipe or components; excessive bending or




unusual loads at joints; undesirable forces or moments at
points of connection to equipment, or at anchorage, Oor guide
points (US 192.159). Section 419 of ANSI B31.4 must be
followed for US oil line expansion and flexibility require-
ments (US 195.110).

APl recommended practices for expansion and flexibility
incorporate ANSI B31.832-3 (gas lines) and ANSI B31.419 (oil
lines) by reference (APl 203).

ANSI gas line standards for expansion and flexibility
apply to above-ground piping only (ANSI B31.832.1). Since
these are not applicable to the Arctic subsea environment,
they will not be covered here. ANSI oil line standards on
expansion and flexibility are applicable to both above-ground
and buried piping. Piping shall be designed to have suffi-
cient flexibility to prevent expansion or contraction from
causing excessive stresses in the piping material, unaccept-
able bending moments at joints, or too large forces or moments
at connections to equipment, or at anchorage or guide points.
Expansion calculations are necessary for buried lines if
significant temperature changes are expected, such as when
the line i1s to carry heated oil. Unless movements are re-
strained, the necessary flexibility shall be provided (ANSI
B31.419.1). Means of achieving flexibility and information
for making calculations are given (ANSI B31.419.5-6, Figure
B31.419.6.4(c)).

CSA gas line expansion and flexibility standards apply
to above-ground piping only (CSA Z184.5.3) and will not be
covered here. CSA oil line standards apply to both above-
ground and buried systems and are virtually identical to ANSI
B31.419 described above.

DnV rules for gas and oil lines define thermal expansion
and contraction as functional loads. These loads primarily
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include the effect of product temperature on material tempera-
ture. Possible other causes of changes in material temperature
will be considered (DnV 3.2.2).

IOP codes state that when variations in pipeline tempera-
ture occur, allowance should be made for the effects of thermal
expansion and contraction (IOP 2.1.5). I0P codes concerning
expansion and flexibility and information to make such calcu-
lations are essentially identical to ANSI B31.419.

b. Analysis. Thermal expansion and contraction, and
thus flexibility, may be expected to be a greater problem for
an Arctic subsea pipeline than one in a more temperate loca-
tion because of low temperatures. The standards reviewed
require sufficient flexibility to prevent excessive stresses.
The US standards appear suitable for Arctic subsea applications,
but interaction between the pipe and soil (case of constrained
pipe) should be addressed and the constrained versus non-
constrained pipe cases distinguished.

ANSI standards, or nearly identical copies of ANSI stan-
dards, form the basis of all but the bnV rules. API, ANSI and
CSA gas line expansion/contraction standards apply only to
above-ground situations, but guidance is provided in other
paragraphs on restraints and anchoring of buried lines. DnVv
rules barely address thermal expansion and contraction.
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VI. RECOMMENDATIONS FOR ARCTIC PIPELINE SAFETY STANDARDS

This section addresses recommended changes or additions
to the safety standards in the applicable portions of CFR 49,
Part 192 (gas pipelines) and Part 195 (liquid pipelines)
revised October 1, 1979. The recommendations are limited to
those aspects which affect offshore Arctic pipelines carrying
gaseous or liquid hydrocarbons. Furthermore, according to a
Memorandum of Understanding (MOU) between DOT and DOI (dated
May 6, 1976) the standards cited above apply only to pipelines
originating at the outlet flange of an offshore production
facility and extending to an onshore facility.

Dravo Van Houten, Inc. conducted a review of offshore
pipeline safety practices for the Office of Pipeline Safety
in December 1977. Many recommendations were made in that
review for amendments to Parts 192 and 195, some of which
apply to offshore Arctic Pipelines. The applicable recommen-
dations are not repeated here but reference will be made to
the Dravo Van Houten report as required.

Although MOU's exist between DOT and DOI on pipelines,

there appears to still be dual responsibility as indicated in
the USGS Gulf of Mexico OCS Order #9, effective October 30,
1970. It remains apparently unchanged in later OCS Orders for

the Gulf of Alaska (March 1976) and for Arctic Alaska (still
in the draft form). According to Order #3 "0il and Gas Pipe-
lines,”™ the USGS area supervisor '"is authorized to approve
the design, other features, and plan of installation of all
pipelines for which a right of use or easement has been
granted....including those portions of such lines which ex-
tend onto or transverse areas other than the outer continental
shelf."

It is assumed in these recommendations that hydrocarbons
transported through a pipeline in the Arctic Sea would be in




the form of natural gas, crude oil, or oil/gas (two phase)
mixture. Cryogenic fluids are not considered since, if any
gas liquefaction plants are to be built in the future, they
would most likely be a part of an onshore installation.

In the discussion of the federal safety standards Parts
192 and 195, other pipeline regulations listed in Chapter V
were analyzed there to obtain a better understanding of the
approaches used by other agencies. In addition, the following
two documents were reviewed,

) Environmental Protection Agency "0il Pollution
Prevention,”™ Federal Register, Vol. 38, No. 237,
December 11, 1973.

o Germanischer Lloyd (W. Germany) "Allgemeine
Grundsatze fur Verlegung, Prufung und Uberwachung
von Rohrleitunger unter Wasser," March 1973.

The recommended changes or additions to the Federal
Safety Standards for hydrocarbon pipelines in the Arctic Sea
were derived from the discussions in previous sections of
Arctic pipeline state of the art, problems and hazards pecu-
liar to the area, and environmental concerns. A brief justi-
fication is presented in this chapter after each recommendation.

A. RECOMMENDATIONS FOR PART 192 (GAS PIPELINES)

1. Para. 192.17 Filing of Inspection and Maintenance Plans

a. Suggested Change. At present Part 192 does not con-
sider contingencies connected with an offshore Arctic gas leak,
Emergency plans are identified in Para. 192.615 but these apply
primarily to populated onshore areas. A special and more
detailed plan is required due to the severe environment, avail-
ability and response time of men and equipment, and difficult
logistics in the Arctic when an emergency occurs.
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Two options are available: one 1s to modify Para.
192.615 to address the Arctic offshore situation; the second
is to require in Para. 192.17 an additional Gas Leak Control
Plan to be submitted by the pipeline operator.

b. Justification. The access to a submarine pipeline
in the Beaufort or Chukchi Seas is difficult. The detection
and repair of gas leaks is hampered by the ice that covers
the surface for approximately nine months of the year, and by
low temperatures that make outdoor activities difficult and
hazardous (see Section 11). The difficulties are further
amplified by problems of equipment transportation during the
break-up or freeze-up periods, and the long distances to
industrial centers for manpower and equipment (see Section
IV.E, F). Gas escaping from a defective pipeline can accumu-
late and migrate under the ice in an unpredictable manner
posing environmental and fire hazards. The need to stop such
a leak as soon as possible is mandatory.

All this creates a scenario quite different from the
lower 48 States where the main concern is about the safety of
the surrounding population and not about a procedure for pipe-
line repair. On the Arctic offshore there is a need for a
prepared-in-advance contingency plan which would: take into
account seasonal differences; define repair techniques; iden-
tify the availability of equipment and personnel; identify
transportation means; and define a management set-up to deal
with the problem.

It was noted that the standards for liquid pipelines
Para. 195.401 (1979 amendment) amplified the requirements for
a manual on operations, maintenance and emergencies. A simi-
lar manual is needed for gas pipelines to make the procedures
for gas and liquid pipelines as similar as possible,




While i1t is recognized that a gas leak is less damaging
to the environment than an oil leak, repairs required for each
impose similar problems in the Arctic offshore.

The 1979 liquid pipeline amendments added Para. 195.403
on the training of personnel for maintenance and emergencies.
For gas pipelines the training requirement IS mentioned in one
subparagraph 192.615 (b) (2). Expanding this requirement for
gas pipelines appears desirable.

API-RP 1111 contains in Para. 702 a requirement for an
emergency plan which includes "protection of the environment,
limitation of discharge from the pipeline system and for fail-
ure investigations.”

2. Para. 192.51 - 192.55 Materials (Also 192.65)

a. Suggested Changes. Pipeline materials and components

for Arctic offshore application should be limited to steel
only. Cast iron, copper or plastic listed in the present
safety standards should be excluded from Arctic offshore use.
The Appendix B of the safety standards lists a number of mate-
rial specifications. ANSI B31.8 should be added to the appen-
dix. It contains codes for transmission and distribution
lines and ASTM A671, A672 addressing electric fusion steel
pipe at low and moderate temperatures. The need for good
mechanical properties at low temperatures and good fracture
toughness should be emphasized in the safety standards. Maxi-
mum allowable stress should be specified during transportation
and installation of the pipe.

b. Justification. Materials that may be marginal under

rigorous Arctic conditions should be excluded because of the
potentially significant environmental impact and the high
repair cost associated with pipeline failures. Det norske
Veritas (DnV) (Section 5), Institute of Petroleum (I0P)




(Section 3), and American Petroleum Institute (API) (RP-1111,
Section 3) rules all specify steel exclusively for pipe in
cold environments.

Although submarine pipelines once installed in the Arctic
Sea will be subjected to a relatively constant and moderate
external temperature of about minus 1.8°C (29°F), in most cases
the transportation, storage, installation and pressure-testing
may expose the pipe materials to ambient temperatures as low
as minus 50°C (minus 60°F). Consequently, low transition
temperatures and high fracture toughness should be a primary
characteristic of Arctic pipeline material. Pipe stress during
transportation and installation should be limited to a level
that prevents pipe damage under the lowest temperatures en-
countered (See Section IV.A).

The Canadian Standards Association (CSA) specifies
fracture toughness properties at design temperatures (2184,
Para. 3.1.2.2) and so does DnV (Para. 5.2.3).

Because of the importance of high fracture toughness in
preventing crack propagation, a criteria for it should be
stipulated in the safety standards (such as Charpy V-Notch,
NDT or others).

3. Para. 192.103 Pipe Design - General

a. Suggested Change. The list of external loads should
be expanded to include forces from wind, waves, currents, sub-
sea or shoreline permafrost induced forces (thaw subsidence or
frost heave if gas temperature is below freezing), ice move-
ment, erosion and soil movement, thermal loads, and seismic
activity.

b. Justification. This item was brought out in the
Dravo Van Houten report (p. 4-33 through 4-44). 1t is covered
in the APl - RP-1111 (Para. 200.5) and in DnV (Section 2.3).




Some of these forces such as wind, wave, currents and ice
movement will be important during the installation phase,
others such as ice scouring, geotechnic forces and seismicity
will be of significance in the operational phase. It is con-
sidered necessary to have various external forces listed to
bring to the designer's attention the unique hazards associat-
ed with Arctic offshore pipelines (see Section IV.D).

4. Para. 192.159 Flexibility

a. Suggested Change. A brief statement 1S made in this

paragraph concerning the effect of thermal expansion or con-
traction of the pipeline. This paragraph should be clarified
by a requirement that stresses resulting from expansion or
contraction should be combined with other internal or external
loads for either constrained or unconstrained pipelines.
Reference to ANSI B31.8-1975 would be appropriate.

b. Justification. Recent cracks found in the Trans

Alaska pipeline, which were mainly caused by pipe sagging,
illustrated the need for an accurate prediction of all loads
when designing for standard minimum yield strength. The API
practices regarding thermal expansion or contraction refer

to ANSI B31.8 (Para. 210.7). The DnV rules require that loads
due to thermal expansion be included in an internal pressure
stress calculation (Para. 3.2.2.4). Similarly, CSA Standard
Z2-184 specifies calculations of combined stresses considering
thermal expansion or contraction (Para. 5.4).

Discussion on thermal and other external loads isS con-
tained in Section IV.D of this report as well as in item 3
above.

5. Para. 192.163 Compressor Stations: Design and Construction

a. Suggested Change. An anti-icing system for compressor
units should be required in view of potential icing hazards.
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b. Justification. The icing of compressor inlets is a

problem experienced in Prudhoe Bay installations and discussed’
in Section 1V.J.2 of this report, It is a unique problem of
this environment and should be addressed in safety standards
for Arctic offshore pipelines (see Section I1V.J.l).

6, Para. 192.179 Transmission Line Valves

a. Suggested Change. CFR 49 allows the use of ductile
iron in addition to steel for valves (Para. 192.145). Valve
material for the Arctic offshore pipelines should be limited
to steel only, with mechanical properties matching those of
the pipe material.

CFR 49 should request the placement of block and check
valves at the offshore platform outlet and at the onshore
inlet of a pipeline. Presently, Para. 192.179(d) specifies
that "offshore segments of transmission lines must be equipped
with valves or other components to shut off the flow of gas
to an offshore platform in an emergency."

b. Justification. The two issues discussed above also
were brought forth in the Dravo Van Houten Report (p. 4-107 to
4-111). The requirement for steel as a valve material has the
same justification as that given for pipes in item 2 of this
section. In the other regulations reviewed, such as APl (by
reference to ANSI B31.8), Institute of Petroleum (Para. 2.4.8),
DnV (Para. 5.3.1) specify steels as valve material.

The block and check valves located at both ends of the
offshore pipeline would shut off the flow in the event of a
pipe failure and the resulting pressure drop. It would prevent
a backflow from onshore pipelines, thus limiting the amount of
gas lost to the environment.




7. Para. 192.223 Qualification of Welding Procedures

a. Suggested. It is recommended that underwater
welding technology be recognized in the safety standards. It
Is not mentioned in CFR 49. Recognition of this technology
through the definition of criteria for underwater welding
could assure the use of the best available techniques, Al-
though, to our knowledge, there are no existing standards for
wet welding at this time, practices and procedures do exist
that are referenced by the ship classification societies.

b. Justification. In view of the short season for
pipe-laying barges in the Arctic Sea, the possibility of
underwater welding rather than barge welding of pipe sections
cannot be disregarded. The technology of underwater welding
either in dry habitat (hyperbaric or atmospheric environment)
or to a lesser degree wet welding is progressing, and a num-
ber of successful underwater welding operations were conducted
in the last few years (see Section 1.D). An alternative to a
welded joint, a mechanical joint, has not proven always reli-
able in the past. (Example: There are several leaking joints
in recently-completed gas pipelines from Ekofisk field to
Emdden.) However problems with mechanical joints largely have
been resolved (R.J. Brown and Associates, private communica-
tion) and if so, they offer means for fast connection opera-
tion and relative ease of repairs.

DnV rules provide requirements and criteria for under-
water welding of pipe tie-ins (Para. 8.7.4).

8. Para. 192.317 Protection from Hazards

a. Suggested Change. Ice scouring and ice riding on-
shore should be added to the hazards mentioned for offshore
pipelines and pipe risers.




b. Justification. Self-explanatory for Arctic off-
shore pipelines (see Section II.B).

9. Para. 192.319 Installation of Pipe in a Ditch

a. Suggested Change, Three changes in the text of this
paragraph are recommended for Arctic offshore pipelines:

(1) Warning of the existence of offshore and/or
shoreline permafrost which, depending on the gas temperature,
can lead to thaw subsidence (warm gas), or frost heave (cold
gas). This may cause either sagging or uplifting of the pipe
introducing additional stresses which should be taken into
account in the pipe design. Furthermore, the safety standard
should indicate a need for reduction of heat transfer between
the pipe and the surrounding medium (by pipe insulation or
other means) if it appears that during the operational life of
a pipeline excessive movement of the pipe may occur. Trench-
ing operations should consider the existence of discontinuous
subsea permafrost, and a detailed geotechnic survey of pipe-
line route should be required to establish permafrost location
and boundary.

(2) Flagging the need for negative buoyancy of a
pipe to maintain pipe stability in a trench under all condi-
tions, including saturated soils prone to instability or
liguefaction.

(3) Sub-paragraph 192.319.c either should be modi-
fied or replaced by another applicable to Arctic offshore.
Presently, this sub-paragraph reads: "All offshore pipe in
water at least 12 feet deep but not more than 200 feet deep,
as measured from the mean low tide, must be installed so that
the top of the pipe 1s below the natural bottom unless the
pipe is supported by stanchions, held in place by anchors or
heavy concrete coating, or protected by an equivalent means."




The recommended text should state a requirement that at
water depths up to 200 ft the pipe be installed so that the
top of the pipe is below the maximum amount of ice scour depth
expected in 100 years at a given location. If burial to such
a depth is not feasible, then the pipe must be protected by
other means to withstand anticipated external loads. Pipe
emerging onshore should be installed in a manner as to safe-
guarding it against erosion, soil movement, soil liquefaction,
ice override, and shoreline permafrost degradation.

b. Justification. The rationale for changing these
three items is:

(1) Subsea permafrost was found in the Beaufort Sea
at various water depths (see Section II.C). Some of this
permafrost is of relic type, but near-shore or barrier islands
permafrost is a continuation of onshore formation. The sub-
sea permafrost is mostly "soft”™ with the temperature close to
its melting point since the surrounding sea water temperature
of minus 1.8°C (29°F) is only slightly below the fresh water
freezing point. Consequently, the thermal equilibrium is
finely balanced, and a small amount of heat extraction or

addition will upset this and create a new set of conditions
which must be examined and compensated for in the pipeline
design. In general, the subsea permafrost is discontinuous

and is very much a function of location. Consequently, a
detailed geotechnic survey of a pipeline route before design
and construction are started is important for pipeline safety
and should be addressed in the safety standards.

Locally encountered permafrost also will have an effect
on the type of equipment which could be used for trenching,
on the rate of trenching, and on pipeline-installation time.
Of the specifications reviewed only the Canadian Standards
Institute (CSA 2184, Para. 11.3.1 and 11.4.4.2.2) discusses
problems related to permafrost degradation.
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The DnV rules specify the need for geotechnical surveys
using various investigating methods (Para. 2.25).

(2) The need for negative buoyancy to ensure pipe-

in-ditch stability is evident. 1t becomes particularly impor-
tant in areas subject to slope instability, soil-mass movements,
or soil liguefaction. The Dravo Van Houten Report (p. 4-84)

emphasizes the soil movement in the surf zone and the need to
address this problem in the safety standards.

The DnV rules address in detail the problem of on-bottom
stability and negative buoyancy under various forces acting
on the pipe (Para. 4.2.6).

(3) Ice is a major hazard to an offshore system in
the Arctic Sea as discussed in Section II1.B of this report.
If the pipe is installed from the ice surface, ice movement
is critical. For pipe-laying in a trench, scouring of the
sea bottom by floating massive ice blocks is a hazard to
approximately 60m (200 ft) water depth. Some data on the
depth of scour and scour frequency were given in Section II.B.
Ice also may be driven onshore overriding any near-shore
installations as the result of a storm. Consequently, the
design of a pipeline crossing a shoreline must receive proper
attention. This should be mentioned in the safety standards.

10. Para, 192.327 Cover

a. Suggested Change. The pipe should be covered (after
installation in a trench) in all areas where the surcharge
weight stabilizes the pipe where wave and current action is
intensive such as in the surf zone, and/or where damage by
the invading ice is very likely, such as on the beach area.

In other locations the need for pipe cover would depend
on the evaluation of wave and current forces, and the possi-
bility of pipe damage by barges and fishing boat anchors. The




depth of the cover would be variable, and should be sufficient
to avoid the hazard of ice scour already discussed under item
9.

b. Justification. The purpose of the cover is to pro-
tect the pipe from external forces and, in some instances, to
control pipe overbend caused by thermal expansion. There may
be locations in the Arctic Ocean where the external forces
acting on a pipe placed in a trench are negligible and where
danger of pipe overbend is small. Consequently, in such loca-
tions pipe cover might not be required. On the other hand,
there are areas such as surf zone, river deltas, and beach
approaches where the pipe should be covered with a suitable
soil to prevent its movement and exposure to external forces.
There is also the consideration of seabed soil type. In the
Beaufort Sea, for example, soil consists mainly of fine silt
or silty sands in the top 5to 10m (16 to 33 ft) which could
offer inadequate protection as a cover (see Section II.C.1).
Finally, a natural backfill process due to waves, storm tides,
and currents should be considered as a long-term method of
pipe cover. Thus, safety standards should require covering
in critical areas, but allow the pipe owner to perform an
analysis to show whether the pipe should or should not be
covered in other locations.

The APl practice (Para. 500.8.3) and IOP (Para. 11.5.7.2)
are a similar approach to the cover problem.

% The thickness of the cover (between the top of the pipe
and the sea bottom) must ensure that the pipe is not damaged
by long-term ice scour, by ice overriding a beach area crossed
by a pipe, from exposure by thermal expansion or by soil move-
ment in the surf zone. The problem of ice scour also was men-
tioned in the Dravo Van Houten Report (p. 4-49). Since any
one of these hazards is a strong function of location, it is
considered preferable not to specify fixed values in the
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standards. Rather, the pipeline designer should be requested
to supply data proving that the selected depth of trench and
cover thickness is adequate and safe.

11. Para, 192.455 External Corrosion Control

a. Suggested Change. External protective coatings and
cathodic protection should be provided for all offshore pipes
in the Arctic Sea. Exceptions to that requirement listed in
items (b), (c), and (f) of this paragraph should not apply to
Arctic offshore pipelines.

b. Justification. The environment of Arctic offshore
pipelines (i.e., corrosion and the difficulty of inspection
of buried pipes) dictates the application of the best anti-
corrosion technology available. The pipeline failure analysis
performed in Section III of this report identifies corrosion
as the most frequent cause of failure.

The Dravo Van Houten report stresses the importance of
external coatings for submerged pipes (p. 4-141 to 4-143),
and quotes appropriate paragraphs of API, DnV and IOP regula-
tions all of which specify external anti-corrosion coatings
for submerged pipes.

12. Para. 192.503 General Requirements (Pressure Test)

a. Suggested Change. The present safety standards do
not specify that the pressure test be done after installation
of a pipe. Such a requirement IS necessary and should be
included in the standards. Furthermore, if a pipeline is to
be covered, a pressure test with unburied pipe in a trench
could be followed by a similar test after the trench is filled,
if there 1s a possibility of pressure-caused leakage or pipe
damage during the covering process.




The safety standards allow the test medium to be liquid,
air, natural gas or inert gas (Para. 192.503b). It is recom-
mended that only water, with a freezing point depressant, be
used in the pressure testing of Arctic offshore pipelines.

A liquid is prepared, instead of air or natural gas, because
it is not compressible and would tend to more fully stress the
pipeline to prove its integrity. Due to the Arctic sea condi-
tions it may not be possible to gain access to the pipeline
for long time periods if repairs are needed. Therefore, proof
tests of the initial integrity should be emphasized.

The present safety standards specify maintenance of the
test pressure for at least eight hours. It is recommended
that this time be increased to 24 hours for installed pipe-
lines unless the operator can show that pressure stabilization,
considering temperature effects and a complete inspection, can
be done in shorter time. However, the test period should not
be less than eight hours. At least 24 hours are needed to
stabilize the temperature stresses and to detect shifting.

b. Justification. Considering the difficulty connected

with repairs of submarine pipelines in the Arctic Sea, every
reasonable effort should be made to assure pipe integrity be-
fore the pipeline becomes operational. Pressure testing after
placement of a pipeline in a trench would provide assurance
that no damage occurred during the pipe-laying operation.
Pressure testing after the trench is filled would provide
assurance that no damage resulted from the covering process
(see Section IV.B).

The APl practices specify pressure testing after installa-
tion (Para. 601.3.1.b) with the duration to be not less than
eight hours (Para. 601.4.1.¢c).

IOP Code specifies pressure testing of completed pipe-
line in each completed section with a duration of 24 hours
(Para. 6.4).




DnV rules specify hydrotesting after installation (Para.
8.8.4) with pressurized time of 24 hours after pressure
stabilization (Para. 8.8.4.3).

CSA Standards require pressure testing after construc-
tion and before being placed in operation and, for all buried
pipelines, the pressurized time is specified a minimum of 24
hours after stabilization (Para. 6.4.8.1.1).

The requirement for 24 hours pressurized time appears
necessary to allow for compensation of any temperature effect
and to provide sufficient time for underwater pipe inspection.

The requirement for liquid rather than gas as a test
medium is dictated by potentially large temperature differences
between air and sea water in the Arctic which, with a compres-
sible medium, would result in large pressure variations and
would require a long time for pressure stabilization.

13. Para. 192.705 Transmission Lines: Patrolling

a. Suggested Changes. This paragraph was written in
the existing standards for onshore pipelines. For Arctic
offshore pipelines patrolling would consist of aerial inspec-
tions during the winter period (October - June), at least one
underwater inspection between ice break-up and freeze-up, and
special inspections following unusual operational or environ-
mental events.

b. Justification. During winter months, when the water
surface is covered by ice, little can be seen on the ice sur-
face unless a major gas eruption breaks up the ice. Occasional
aerial overfly offers the only means of patrolling a pipeline
during that period.

In the summer months, after the water surface iIs ice
free, underwater inspections by manned or unmanned submersibles
should provide good information on the pipeline health.
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14. Items Not Addressed in Detail in Chapter 192 Safety
Standards

a. Weight Coating

(1) Suggested Change. Weight coating, which will
have to be produced in the offshore Arctic, is mentioned only
briefly in 192.319(c). It is recommended that a paragraph be
added in the subpart C (Pipe Design) setting criteria for
weight coating design similar to those for protective coatings
in 192.461.

(2) Justification. This item was brought up in the
Dravo Van Houten Report (p. 4-74). 1t is to be noted that DnV
rules discuss strength of weight coating (Para. 4.2.5) and

weight coating design criteria (Para. 6.7).

The use of weight coatings for Arctic offshore pipelines
to maintain negative buoyancy probably would be preferred over
any other devices because of high expected reliability, Con-
sequently, guidelines for such coatings in safety standards
would be desirable (see Section V.C.4).

b. Insulation Coating:

(1) Suggested Change. Insulation coating may be
required on certain sections of the Arctic offshore pipeline.
Criteria for such coating should be provided in the safety

standards similar to those given for anti-corrosion coating
in Para. 192.461.

(2) Justification. The permafrost problem was

discussed already under item 9 of this section. Permafrost

may be discontinuous in deeper waters and continuous near
surface close to the shoreline. To prevent degradation of

the permafrost in cases where 1t would affect pipeline integ-
rity, control of heat transfer between the pipe and its sur-
roundings would be required. Pipe insulation 1s one such means.
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c. Communications

(1) Suggested Change. This very important aspect

of Arctic offshore pipeline operation should be discussed in
the safety standards, and a communication system with redun-
dancy should be considered.

(2) Justification. Reliable communication systems

between offshore and onshore and control signal transmissions
to remotely operated valves and compressor stations are criti-
cal features of Arctic offshore pipeline operation. This was
brought up in the Dravo Van Houten Report (p. 4-249) and it is
even more important in remote Arctic locations.

The safety standards for liquid pipelines addressed the
need for communications and the requirements were amplified
in the 1979 amendment of Para. 195.408.

IOP code stressed a need for an adequate communication
system (Para. 9.1). The need for communication systems also
was discussed in Section IV.G of this report.

B. RECOMMENDATIONS FOR PART 195 (LIQUID PIPELINES)

1. Subpart B - Accident Reporting - Para. 195.50

a. Suggested Change. Present text of this paragraph
is focused on harm to personnel and on property damage of at
least $1,000. For the Arctic offshore, in addition to per-
sonnel hazards, an assessment should be made of the estimated

impact of the accident on Arctic marine/terrestrial life.
Requirements for such assessment shall be part of accident
reporting. As an alternative, 195.50(b) should be changed to
require reports of loss of 6.3 barrels (1 cubic meter) or more
of liquid for Arctic waters.

b. Justification. The impact of oil spills on the Arctic
environment was discussed in Section IV.J.I. Fragility of
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Arctic biota, a long recuperative period, and possible diffi-
culties associated with an oil spill, make an early assessment
of environmental impact particularly important. The revision
in 1979 to Para. 195.402 covers adequately the requirements
levied on an operator in case of an emergency. However, it
does not refer to any environmental impact assessment except
for Para. 195.52.a.4 which requires accident reporting that
resulted in water pollution, violating applicable water quality
standards.

In the Arctic waters, and particularly in the nearshore
areas where future oil/gas exploration can take place, any
marginal oil spill will have some impact which requires assess-
ment. Thus, a requirement for an oil spill control and con-
tingency plan in the safety standards may be desirable.

2. Para. 195.102 - Design Temperatures

a. Suggested Change. The effect of low temperatures on
the pipeline and its components should be stressed in the
safety standards. A requirement should be added in the stan-
dards for material fracture toughness at the lowest temperature
to which the pipe and components will be exposed.

Since the oil is usually warm or heated, maximum, mini-
mum and differential pipe temperatures (that is, differences
In temperatures of various pipe sections) should be considered
in the pipeline design. This should be mentioned in this
paragraph (see Section VI.A.4).

b. Justification. The need for low-temperature proper-
ties of Arctic offshore pipeline materials already was dis-
cussed for gas pipelines under Para. B.2. The arguments pre-
sented there apply also to oil pipelines.

For materials exposed to low temperatures, the Charpy V
notch test could be used to indicate loss of ductility; but
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other data such as Drop Weight Temperature Test (DWTT), Nil
Ductility Transition (NDT), critical stress intensity (KIC),
critical crack opening displacement (COD) (used by Alyeska)
should be considered in selection of suitable materials for
Arctic offshore pipelines. Pipe stress during transportation
and installation should be limited to a level safe enough to
prevent pipe damage under the lowest temperatures encountered
(see Section 1IV.A). Approaches of this type are under study
as reported in 1976 ASM International Conference proceedings
(edited by M.B. lves), and at the 1979 Sixth Symposium on Line
Pipe Research (AGA) listed in the references.

APl in the RP-1111 in Para. 200.3 of practices cautions
designers about the need to consider low temperature proper-
ties of materials, and so does ANSI B31-4 in Para. 401.3.

DnV specified Charpy V notch toughness test (Para.
5.2.3.6) for pipeline materials and defines values of energy
absorption as a function of specified minimum yield strength
(SMYS) at temperatures related to the minimum design tempera-
ture.

3. Para. 195.110 - External Loads

a. Suggested Change. This paragraph in its present
form deals with two subjects: external loads, and the need

for flexibility in pipeline systems by reference to ANSI
B31.4.

It is recommended that the external loads paragraph be
amplified (as discussed for gas pipelines under item A.3) to
include a warning of potential permafrost hazards, to consider
ice scouring problems, and to include effects of soil movement
and beach erosion. As in the case of the gas pipeline safety
standard (Para. 192.159), it also is recommended that pipeline
flexibility be discussed in a separate subparagraph.




Since the external loads and flexibility requirements
are similar for the two types of pipelines, gas and oil, it
would be desirable that safety standards for the two systems
be consistent and similar.

b. Justification. Justification for the recommended
changes is similar to that presented under items A.3 and A.4
in Section VI for gas pipelines.

The oil pipeline differs from the gas transporting line
in that the oil will be either warm or heated to keep its
lowest temperature above the pour point. Consequently, an
expansion of the pipe after its installation is inevitable,
and should be compensated. This is particularly important
for buried pipes constrained in a trench by the stiffness of
the soil. Calculation of thermal stresses additive to hoop
stresses (caused by internal pressure) may dictate an increase
in the pipe wall design thickness.

The approach taken in other regulations already has been
discussed for the gas pipelines system under items A.3 and A.4
in Section VI and in more detail in Section V.

In addition to those, the CSA standard 2183 specifies
methods of thermal stress calculations for restrained and non-
restrained pipes (Para. 3.5.1.3.4) in a manner similar to that
shown in ANSI B31.4.

4. Para. 195.214 Welding General

a. Suggested. 1t is recommended that underwater
welding be allowed in the safety standards and that require-
ments be set for approval of such welds for tie-ins and for
pipe repairs (see Section VI.A.7).

b. Justification. Similar to that presented for gas
pipelines in Section VI.A.7.




5. Para. 195.242 Cathodic Protection Svstem

a. Suggested Change. Presently, the safety standards
(Para. 195.242.b) allow for installation of a cathodic pro-
tection system within one year after completion of construc-
tion. It is recommended that this be amended so that appli-

cation of cathodic protection commences immediately following
construction of each part of a pipeline system and the pipe-
line protected in its entirety within one year after construc-
tion.

b. Justification. Construction of a pipeline in the

Arctic offshore may take more than one season because of the
short period of time available with summer construction. That
would mean that a part of the pipe could be submerged for up
to three years before cathodic protection is installed. Even
if a pipeline is built during one season (winter construction)
the safety standards now allow one year before a submerged
pipe 1s cathodically protected.

Considering the difficulty of corrosion-monitoring in
the Arctic Seas and of inspecting the protective coating for
flaws 1t would be prudent to require installation of cathodic
protection during or immediately following the pipeline con-
struction.

The Dravo Van Houten report addressed the subject of
cathodic protection (p. 4-145 to 4-147) and quotes API, IOP
and DnV regulations which specify the requirement without any
defined time delay. The Title 49, Part 192, Gas Pipeline
Safety Standards (Para. 192.463) do not specify any delay time
in cathodic protection installation.

On the other hand the CSA Z-183-1977 (Para. 10.2.4.2)
stated that "the application of cathodic protection shall
commence as soon as practicable after installation of the new
pipeline and shall be completed within two (2) years."
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6. Para. 195.246 Installation of Pipe in a Ditch

a. Suggested Change. The wording of this paragraph is
similar to that of the gas pipeline (Para. 192.319.b.c), and
recommendations made for the gas pipeline standard (see Section
VI.A.9) apply.

Thus, safety standards should require consideration of
subsea and shoreline permafrost degradation caused by a warm
oil pipeline, or pipe structural integrity. The operational
life of the pipeline should be considered in the thermal
analysis. If necessary, means (such as pipe insulation, low-
conductivity bedding materials, or other provisions) should
be provided to reduce the heat transfer between the pipe and
permafrost to an acceptable level.

A detailed geotechnical survey of the pipeline route
should be required in the standards before pipeline design is
completed, not only for the purpose of identifying sea bottom
soil properties but also to facilitate planning for suitable
trenching equipment.

The standards should call for the depth of trenching to
be determined by the expected worst case of ice scouring depths.
On the beach, and on beach approaches, the trench depth should
depend upon the magnitude of projected shore erosion and ice
override (see Section VI.A.9).

The need for negative buoyancy of the pipe under adverse
conditions should be stressed in the standards to assure pipe-
in—-trench stability.

b. Justification. The justification presented for gas
pipelines under Item A.9 in Section VI also applies to oil
pipelines. However, in the case of warm oil flowing in the
pipe, thawing of permafrost and thaw consolidation would occur.
Depending on the extent of the thawed area, sagging of the pipe
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could take place under the weight (in water) of the pipe and
the weight of the surcharge.

In the DnV rules the problem of pipe sagging in low
shear strength soil (which is similar to ice rich thawed per-
mafrost) is addressed in Para. 4.2.6.

7. Para. 195.248 Cover Over Buried Pipeline

a. Suggested Change. The depth of cover for Arctic
offshore pipelines should not be defined at fixed values as
It is in the current safety standards. It should be related
to environmental hazards so that the safety of the pipeline
is assured under the worst predicable environmental and man-
made conditions, Thus, the long-term hazards of ice scour,
shore erosion, ice override on beaches, current and wave
actions, as well as boat anchors, must be considered in the
selection of trench depth and cover thickness. It is recom-
mended, therefore, that the standards be amended reflecting
this approach.

The requirement for pipe cover should be specified as
mandatory in surf zone and beach crossing areas. Here, ther-
mal expansion combined with soil mass movement could cause
pipe overbend and subsequent pipe exposure (see gas pipeline
Item A.10 Section VI). In other areas, the option of not
providing a cover over a pipe should be justified by the pipe-
line designer.

b, Justification. Justification is similar to that
presented for gas pipelines under Item A.10 in Section VI,

At shore-approach and beach-crossing areas, ice-rich
permafrost could be present close to the surface. There, warm
oil pipelines must be covered properly to prevent melting of
the permafrost or exposure due to distortions caused by ther-
mal expansion.
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8. Para. 195.252 Backfilling

a. Suggested Change. Present requirements specify that
backfill shall protect pipe coating and provide firm support
to the pipe. In the standards backfill appears to be distin-
guished from pipe cover, i.e., from the materials deposited
over the top of the pipe, and is considered to be the bedding
material deposited below and around the pipe.

For Arctic offshore pipelines, the backfill material may
perform the additional function of insulating the warm- oil
pipe from underlying permafrost. This may introduce further
requirements of the backfill which should be mentioned in the
standards (long-term thermal durability, and limited sea water
absorption).

b. Justification. Backfilling for offshore pipelines
was discussed in the Dravo Van Houten Report (p. 4-201) but
It appears that backfill and pipe cover were considered syn-
onymous. Similar lack of distinction between backfill and
cover can be found in the APl practices (Para. 500.8.3) and
in the IOP Safety Code (Para. 11.5.7.2). It would be desir-
able, therefore, in the 195 (and 192) safety standards to make
a clear distinction between the two if such a difference is
intended. Otherwise, cover and backfilling should be combined
in one section.

The presence of subsea, near-shore, or onshore permafrost
may require backfill to have certain insulating characteristics.

9. Para. 195.262 Pumping Equipment

a. Suggested Change. The safety standards should in-
clude a requirement for anti-icing systems on pumping equipment.

b. Justification. Clogging of compressor inlets by ice
or snow has been a problem on pumping equipment in the Arctic
(discussed under Section VI.A.5).
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10. Para. 195.302 General Requirements (Hydrostatic Testing)

a. Suggested Change. The safety standards should specify

hydrostatic testing of an offshore pipeline after it is laid in
a trench. A second pressure test may be required after the pipe
is covered. Similar recommendations were made for gas pipelines
under Item A.12 of Section VI.

With respect to the test medium specified in Para. 195.306
as water, mention should be made in the standards of the use of
additives to depress the freezing point below that of the lowest
temperature expected during hydrotesting.

b. Justification. Reasons given under Item A.12 of

Section VI for pressure testing also apply to oil pipelines,
except for arguments in favor of 24-hour test duration and the
exclusive use of liquids. Both already are specified for oil
pipelines in the existing safety standards.

If hydrotest is carried out after the pipe is installed
in a trench, and temperature equilibrium with sea water is
established the temperature will be approximately minus 1.8°C
(29°F) and only a small amount of antifreeze would be necessary.
However, the temperatures could be lower during transportation,
storage, and onshore testing of pipeline components, and under
such conditions a higher proportion of antifreeze additive will
be required.

11. Items Not Addressed in Detail in Chapter 195 Safety
Standards

a. Transmission Line Patrolling

(1) Suggested Change. This requirement should be
included as part of Subpart F - Operation and Maintenance; see
discussion for gas pipelines in Item A.13 of Section VI. At
present there is a statement regarding biweekly right-of-way
inspection in 195.412. This may not be possible for Arctic
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offshore pipelines because of climatic limitations.

(2) Justification. Arguments given for gas pipeline
patrolling, discussed under Item A.13 of Section VI, apply to
oil pipelines. Pipeline inspection becomes more important in
this case because of the greater impact of oil spill on the
Arctic environment. Fortunately, oil leaks are much easier to
detect than gas leaks (see Section Iv.J). It is logical to
increase the frequency of aerial inspection for oil pipelines
as compared to gas pipelines, particularly in the first year
of operation, to provide for early detection of any oil leaks.
However, the two-week requirement in 195.412 may not be real-
istic for Arctic offshore. It is a question of whether any
meaningful right-of-way inspection can be done from the air,
which might be the only available inspection means in winter.
Furthermore, aerial inspection may be limited because of
periods of poor visibility. Monthly aerial inspection in
winter and underwater inspection during summer should be con-
sidered.

Special inspections are required after events which
could affect pipeline integrity (such as exceptionally heavy
ice intrusion, seismic activity, man-made damage).

b. Weight Coating. Comments made for gas pipeline
under Item A.14 of Section VI apply.




REFERENCES
Abbreviation meanings may be found on page Vi.

1. Aagaard, K., editor, "Physical Oceanography and
Meteorology." Environmental Assessment of the
Alaskan Continental Shelf Interim Synthesis:
Beaufort /Chukchi, OCSEAP. NOAA. Chapter 2,
P. 56. 1978,

2. Aagaard, K. and D. Haugen. "Current Measurements in
Possible Dispersal Regions of the Beaufort Sea."
Annual Report. OCSEAP Research Unit 91. 1978.

3. Aagaard, K. and D. Haugen. "Current Measurements in
Possible Dispersal Regions of the Beaufort Sea."
Annual Report, OCSEAP Research Unit 91. 1977.

4. Alaska, State of. Administrative Code: Title 11,
Part 3, Chapter 22 Oil and Gas Conseration.
Sept. 1973.

5. Alaska Oil and Gas Association, Arctic Research Sub-
committee. '"Member Sponsored Research Projects
for the Alaskan Arctic.” Mar. 1977.

6. Alaska, State of. Alaska Statutes, Title 42. Public
Utilities and Carriers, Chapter 05. Alaska Public
Utilities Commission Act. Jan. 1, 1979.

7. Alaskan Arctic Gas Pipeline Company. "Environmental
Report of Alaskan Gas Pipeline Company.” 1974.

8. American Gas Association (AGA). Table 43, "Gas Utility
Industry Miles of Pipeline and Main, by Type,
1955-1978." Gas Facts. 1979.

9. AGA. "The 6th Symposium on Line Pipe Research.”
Houston, Texas. Oct. 1979.

10. AGA. "An Analysis of Reportable Incidents for Natural
Gas Transmission and Gathering Lines 1970 Through
1975." NG-18 Report No. 106. 1977.

11. American National Standards Institute (ANSI). "Liquid
Petroleum Transportation Piping Systems.” Standard
B31.4-1974. Mar. 5, 1974.

12. ANSI. "Gas Transmission and Distribution Piping
Systems.”™ Standard B31.8-175. June 16, 1975.




13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24 .

American Society of Testing and Materials. "Electric-
Fusion-Welded Steel Pipe for Atmospheric and Lower
Temperatures.'" Standard A671. 1979,

Anderson, D.R. "System Monitors Trans-Alaskan Pipeline
Curvature.'" QGl. P. 129. June 25, 1979.

American Petroleum Institute (API). "Recommended Pipe-
line Maintenance Welding Practices. Recommended
Practice 1107, second edition. Aug, 1978.

APl. "Specification for Pipeline Valves." APl Speci-
fication 6D, seventeenth edition. Oct. 1977.

APIl. "Standard for Welding Pipelines and Related
Facilities." APl Standard 1104, fourteenth
edition, Jan. 1977.

APl. "Repairs to Crude Oil, Liquefied Petroleum Gas,
and Products Pipelines.”™ PSD 2200. Feb. 1973.

Azmi, M.H. "Steel Construction in the Arctic." Cold
Regions Specialty Conference, Anchorage, Alaska.
Cold Environments, P. 330. May 1978.

Barnes, P. and E. Reimnitz. '"Geologic Processes and
Hazards of the Beaufort Sea Shelf and Coastal
Regions.”™ OCSEAP Research Unit 205, P. 179. 1977.

Barnes, P. and E. Reimnitz. ™"Sea Ice As a Geologic
Agent in the Beaufort Sea." The Coast and Shelf
of the Beaufort Sea. Arctic Institute of North
America, P. 301. 1974.

Barnes, P. and E. Reimnitz. "The Shore Fast lce Cover
and Its Influence on the Currents and Sediments
Along the Coast of Northern Alaska.” Transactions
of the American Geophysical Union. Vol. 54, P.
1108. 1973.

Barnes, P.W. and D.M. Hopkins, editors. "Geological
Sciences.'" Environmental Assessment of the Alaskan
Continental Shelf. Interim Synthesis: Beaufort/
Chukchi. Chapter 3, P. 101L. 1978.

Berry, M.O., P.M. Dutchak, M.E. Lalonde, J.A.W. McCulloch
and 1. Savdie. ‘"Weather, Waves, and lIcing in the
Beaufort Sea." Beaufort Sea Project Tech. Report
No. 21. Dept. of the Environment, Victoria, Canada.
1977.




25.

26.

27.

28.

29,

30.

31.

32.

33.

35.

Biswas, N., L. Gedney and P. Huan?- “"Seismicity Studies
in Northwest Alaska by a Localized Seismograph Net-
work.' University of Alaska Geophysical Institute.
Report UAG R-241. 1977.

Blouin, S.E., E.S. Chamberlain, P.V. Sellmann and D.E.
Garfield. '"Determining Subsea Permafrost Charac-
teristics with a Cone Penetrometer - Prudhoe Bay,
Alaska.™ To be published in: Cold Regions Science
and Technology. 1979.

Bock, G.R. "Arctic Winter Construction and Cost Esti-
mating of the North Slope Fuel Gas Pipeline." _
Proceedings of the ASCE Pipeline Division Specialty
Conference. The Monteleone, New Orleans, La.
Pipelines in Adverse Environments. Vol. 11, P. 511.
Jan. 15-17, 1979.

Brown, R.J. "Connection of Submarine Pipelines in
Arctic Conditions.' 4th Intl. Conference on POAC,
Memorial Univ. of Newfoundland, st. John®s,
Newfoundland, Canada. P. 405. Sept. 26-30, 1977.

Brown, R.J. "Engineering Innovation for Arctic Condi-
tions." Proceedings of the ASCE Pipeline Division
Specialty Conference. The Monteleone, New Orleans,
La. Pipelines in Adverse Environments. Vol. 11, -
P. 418. Jan. 15-17, 1979.

ne Trench-

Brown, R.J. 'Past, Present and Future Pipeline s
mitations.”

ing Systems Operating Capabilities and L
Private report. 1979.

Brown, R.J. ‘'Innovations Used in Pipeline Installations
Under Arctic Ice," 0GJ. P. 93. Nov. 20, 1978.

Brown, R.J. 'Survey Systems for Maintenance and Repailr
of Marine Pipelines.” Private report. 1977.

Brown, R.J. "Trends in Design and Installation for
Future Marine Pipelines.™ Private report. No date.

Brown, R.J. ‘'Well-Designed Concrete Coating Protects
Offshore Pipelines.” 0GJ. P. 49. Feb. 26, 1973.

Brown, R.J., A.C. Palmer, J.P. Kenny and O.M. Kanstinen.
"Construction OF Pipelines Between the Canadian
Arctic Islands." 4th Intl. Conf. on POAC, Memorial
Univ. of Newfoundland, st. John®s, Newfoundland,
Canada, P. 394. Sept. 26-30, 1977.




36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Canadian Standards Association. Code 2183 Oil Pipeline
Transportation Systems. 1977. Code 2184 Gas
Pipeline Systems. 1975.

Carsola, A.J. 'Marine Geology of the Arctic Ocean and
Adjacent Seas off Alaska and Northern Canada."
Unpublished Ph.D. dissertation. 1952.

Carsola, A.). '"Recent Marine Sediments from Alaskan
and Northwest Canadian Arctic.”" Bulletin of American
Association of Petroleum Geologists. ol, 38,

P. 1552. 1954.

Chamberlain, E.J., P.V. Sellman, S.E. Blouin, D.M. Hopkins,

and R. 1. Lewellen. '"Engineering Properties of Subsea
Permafrost In the Prudhoe Bay Regions of the Beaufort
Sea.'" Third Intl. Conference on Permafrost, Edmonton,

Alberta, Canada. P. 629. July 1978.

Chandler, H.E. '"Materials Engineering in the Arctic."
Metals Progress. P. 52. Dec. 1976.

Chari, T.R. and K. Muthukrishnaiah. "Model Studies of
Ocean Floor Scouring by Icebergs.'" Preprint to
Proceedings, Cold Regions Specialty Conference.
Vol. 11. May 1978.

Comptroller General, U.S. “Lessons Learned from Construct-
ing the Trans—Alaska Oil Pipeline.”™ NTIS PB 283-11.
June 16, 1978.

Coriatt, G.M. and G.P. Bellamy. "Hyperbaric Welding for
Connection and Repair of Deep Sea Pipelines," OTC
No. 3351. 1978.

Crory, F.E. "Settlement Associated with the Thawing of
Permafrost.” National Academy of Science, Perma-
frost 2nd International Conference. 1973.

Davison, B.E., D. Nottingham, J.W. Rooney and C.L. Vita.
“"Chilled Pipeline Frost Heave Mitigation Concepts."
Proceedings of the ASCE Pipeline Division Specialty
Conference. The Monteleone, New Orleans, La.
Pipelines in Adverse Environments. Vol. I, P. 294.
Jan. 15-17, 1979.

Davison, B.E. , J.W. Rooney and D.E. Bruggers. "Design
Variables Influencing Piles Driven in Permafrost.™
Cold Environments. P. 307. May 1978.




47 .

49._

51.

52.

53.

55.

56,

57.

Delaune, P.T. "On-Site Welded Repairs to Offshore
Structures Using Dry Underwater Habitats," OTC
No. 3348. 1978.

Demars, K.R., V.A. Nacci and W.D. Wang. *‘Pipeline
Failure: A Need for Improved Analyses and Site
Surveys.'” OTC No. 2966. 1977.

Det norske Veritas, Norway. Rules for the Design,
Construction and Inspection of Submarine Pipelines
and Pipeline Risers. 1976.

Dravo Van Houten, Inc. *Offshore Pipeline Facility
Jafety Practices." DOT/MTB/OPSO-77/13 and 14,
Vol. | and 1I. Dec. 1977.

Durand, Y. and A. Stankoff. ‘“Inspection of Buried
Pipelines by Submersibles--Pipe Tracking and Pipe
Logging Iastrumentation.'" OTC No. 3071. 1978.

Energy Interface Associates, Inc. "Technology Review
of Arctic Offshore 0il/Gas Operations.' Sept. 1979,

Federal Register. Environmental Protection Agency,
"0oil Pollution Prevention.' Part 11, Volume 38,
Number 237. Dec, 11, 1973.

Federal Register. "Memorandum Of Understanding Between
the Environmental Protection Agency and the Depart-
ment of Transportation." Volume 36, Number 244.
Dec, 18, 1971.

Freund, J. *'Pipelining in Need of More Safety Techniques.™

Offshore. P. 354. May 1977.

Fryer, M.\W. "The Buried Pipe Problem (Quick Solutions to
Selected Problems In Heat Transfer).' Institute of
Arctic Environmental Engineering, University oOf
Alaska, College, Alaska. Bulletin 7002. 1970.

Garfield, D.E. et al. ‘'Haynes-Fairbanks Pipeline:
Design, Construction and Operation." U.S. Department
of Commerce, NTIS No. AD/A-038 445. Feb. 1977.
Germanischer Lloyd. Annual Report. 1978.

Germanischer Lloyd. ™Guidelines for Submarine Pipelines™
(in German). Mar. 1973.

Germanischer Lloyd. '"Rules for the Construction and
Inspection of Offshore Installations.' Vol. 1. 1976.




61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Gill, R.J. et al. "A Feasibility Study of Surface
Techniques for the Detection of Oil Under Ice."
Spill Technology Newsletter. Vol. 4, P. 57.
Mar.-Apr. 1979.

Gilmour, J.B. "Environmental Cracking of HY-130 Steel."”
OTC No. 3192. 1978.

Grace, R.A. and S.A. Nicinski. "Wave Force Coefficients
from Pipeline Research in the Ocean." OIC No. 2676.
1976.

Grantz, A., P.W. Barnes, S.L. Eittreim, E. Reimnitz,
EW. Scott, R.A. Smith, G. Stewart and L.J. Toilmil.
"Summary Report of the Sediments, Structural. Frame-
work, Petroleum Potential, Environmental Conditions,
and Operational Considerations of the U.S. Beaufort
Sea, Alaska Area." U.S. Dept. of the Interior
Proposed Oil and Gas Lease Sale No. 50. Report
76-830, 1976.

Gray, D. "An Assessment of External Coating and Coating
Requirements for Steel Pipelines.”™ Anti-Corrosion.
P. 9. Nov. 1977.

Hale, D. "First Self Propelled Reel Ship Under Construc-
tion.”™ Pipeline and Gas Journal. P. 64. Nov. 1977.

Hanamoto, B. “Specialized Pipeline Equipment." U.S.
Army Corps of Engineers. CRREL Special Report 78-5.
Mar. 1978.

Hanson, A., R.C. Metzner, L.H. Shapiro. '"Ice-push and
Ice Override in the Area of Point Barrow, Alaska.™
Presented at the 25th Annual Meeting, Pacific North-
west Region, American Geophysical Union, Tacoma,
Wash. Sept. 28-29, 1978.

Hartig, E.P., D. Nottingham, J.E. Swanson and B.C. Tisdale.
"Reburial Considerations for an Exposed Pipeline.™
Proceedings of the ASCE Pipeline Division Specialty
Conference, The Monteleone, New Orleans, La.
Pipelines In Adverse Environments. Vol. I, P. 238.
Jan. 15-17, 1979.

Herbich, J.B. "“Wave-Induced Scour Around Offshore
Pipelines.”™ OTC No. 2968. 1977.

Hironaka, M.C. "Trenching on Shore and in the Ocean in
Arctic Regions: State-of-the-Art Survey." Civil
Engineering Laboratory. Navy Construction Battalion
Center, Port Hueneme, CA. 93030. Technical Note
N-1335. Mar. 1974.




72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Hopkins, D.M. ""*Coastal Processes and Coastal Erosional
Hazards to the Cape Krusenstern Archeological Site.™"
USGS open file report 77-32. 1977.

Huck, R.W. "Arctic Pipeline Construction-An Overview."
Proceedings of the ASCE Pipeline Division Specialty
Conference. The Monteleone, New Orleans, La.
Pipelines in Adverse Environments. Vol. 1, P. 51.

Jan. 1979.
Hufford, G.L. '"Some Characteristics of the Beaufort
Sea Shelf Current.” Journal of Geophysical Research.

Vol. 80, No. 24. P. 3465. 1975.

Hufford, G.L. , Group Chairman. "Physical Oceanography."
OCSEAP Synthesis Report, Beaufort. Barrow, Alaska.
Bulletin No. 15. P. 29. June 1977.

Hufford, G.L., |I.M. Lissauer and S.P. Welsh. "Physical
Oceanography of the Western Beaufort Sea.'" Marine
Ecological Survey of the Western Beaufort Sea.

U.S. Coast Guard Oceanographic Report CG 373. 1974.

Hufford, G.L., J.P. Welsh, I.M. Lissauer and B.D. Thompson.
"Along-Shore Coherence of Winds Along the North
Alaskan Coast for Oil Spill Analysis.”™ OTC No. 2947.
1977.

Institute of Petroleum, London. Petroleum Pipelines
Safety Code. 1967.

Ives, M.B. "Materials Engineering in the Arctic."
Proceedings of an International Conference, St.
Jovite, Quebec, Canada. American Society for
Metals, Metals Park, Ohio, 44073. Sept. 27-Oct. 1,
1976.

Jahns, H.D. "Permafrost Protection for Pipelines.™
National Academy of Science, Permafrost 2nd Inter-
national Conference. P. 673. 1973.

Jahns, H.D. "Auxiliary Facilities."™ Alaska Oil and
Gas Association Presentation to OCSEAP. Jan. 1978.

Jefferson, J.T. "Risk Analysis Improves Pipeline
Decisions." QGJ. P. 80. Aug. 31, 1970.

Jones, S.H. "Arctic Operations Explained with New
Technology.” Petroleum Engineer. P. 18. Feb. 1977.

Jones, W.T. '"On-Bottom Pipeline Stability in Steady
Water Currents.'" OTC No. 2598. 1976.




85.

91.

92.

93.

95.

Karal, K. "'Lateral Stability of Submarine Pipelines,"
OTC No. 2967. 1977.

Kaufman, J.G., D.J. Lege and R.A. Kelsey. "Aluminum
Alloys for Cold Environments.' Cold Regions
Specialty Conference, Anchorage, Alaska, Cold
Environments. P. 186. 1978.

Kaustinen, O.M. ‘"Development ofF Arctic Pipelaying
Techniques.” OTC No. 2600. 1976.

Keller, R.H. and C.J. Smith. "A New Method for Hyper-
baric Welded Pipeline Tie-In's." OTC No. 3350.
1978.

Kovacs, A. ‘Iceberg Thickness Profiling.' Preprint,
4th Intl. Conference on POAC, Memorial Univ. of
Newfoundland, st. John"s, Newfoundland, Canada.
Sept. 26-30, 1977.

Kovacs, A. ‘'Grounded lce In the Fast lce Zone Along
the Beaufort Sea Coast of Alaska.'” U.S. Army Corps
of Engineers. CRREL Report 76-32. P. 21. 1976.

Kovacs, A. "Ice Scouring Marks Floor of the Arctic
Shelf.*"* 0GJ. Vol. 70, No, 43. P. 92. Oct. 23,
1972.

Kovacs, A. and M. Mellor. "Sea lce Morphology and Ice

as a Geologic Agent iIn the Southern Beaufort Sea,
The Coast and Shelf of the Beaufort Sea. Arctic
Institute of North America. P. 113. 1974.

Lamb, M.J. "Designing, Layin? and Monitoring Underwater
Pipelines." Offshore Drilling and Production
Technology. P. 162. 1976.

Lockridge, J.C. ‘'Deep Water Pipelining Progress and
Projections.' American Gas Assocliation Transmission
Conference. May 1977.

Lunardini, V.J. "Thawing of Permafrost Beneath a Buried
Pipe." The Journal of Canadian Petroleum. Oct.-Dec.
1977.

Luscher, V., H.P. Thomas, J.A. Maple. ‘'Pipe-Soil Inter-
action, Trans-Alaska Pipeline.' Proceedings of the
ASCE Pipeline Division Specialty Conference, The
Monteleone, New Orleans, La. Pipelines in Adverse
Environments. Vol. 11, P. 486 Jan. 15-17, 1979.




97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

1009.

McDonald, W.J. "Offshore and OCS R&D Program Definition."
Draft Prepared for ERDA, Div. of Oil and Gas. Maurer
Engineering Inc., Houston, Texas. 1978.

Mellor, M. "Mechanics of Cutting and Boring. Part 1:

Kinematics of Transverse Rotation Machines.” U.S.
Army Corps of Engineers. CRREL Special Report 226.
May 1975.

Mellor, M. "Undersea Pipelines and Cables in Polar

Waters." U.S. Amy Corps of Engineers. CRREL
Report 78-22. Sept. 1978.

Merrett, R.H. "TAPS Performance Excellent So Far."
0Gl. P. 78. Feb. 26, 1979.

Merrick, G.J. and G.E. Cook. "Computer-Controller Off-
Shore Welding System Being Tested." QGIJ. P. 78.
Jan. 16, 1978.

Mertins, H.O. "Iecing on Fishing Vessels Due to Spray."
Marine Observer. P. 128. 32(221). 1968.

Mohan, A. and C. Lovell. '"Heat Flow Around Pipes Buried
in Cold Ground.” Proceedings of the ASCE Pipeline
Division Specialty Conference. The Monteleone,

New Orleans, La. Pipelines in Adverse Environments.
Vol. 1, P. 51, Jan. 1979.

Mohr, H.O. "Subsea Welding Techniques--A Look at What's
Available,”™ World Oil. P. 64. 1978.

Mortensen, P. and J. Fredsoe. '"Natural Backfilling of
Pipeline Trenches.”™ OTC No. 3073. 1978.

Mousselli, A.H.  "Design Criteria for Offshore Lines in
Unstable Soils Can-Cut Risks." QGJl. P. 71.
Feb. 12, 1979.

Mousselli, A.H. "Pipe Stresses at the Seabed During
Installation and Trenching Operations." OTC No.
2965. 1977.

National Academy of Sciences. "Problems and Priorities
in Offshore Permafrost Research." Prepared by the
Ad Hoc Study Group on Offshore Permafrost of the
Committee on Permafrost, Polar Research Board. 1976.

National Transportation Safety Board (NTSB). *Special
Study--Safe Service Life for Liquid Petroleum
Pipelines." 1978.




110.

111.

112.

113.

114.

115.
116.

117.

118,

1109.

120.

121,

122.

123.

124,

125,

NTSB. '"Special Study of Effects of Delay in Shutting
Down Failed Pipeline Systems and Methods of Pro-
viding Rapid Shutdown.'" Report No. NTSB-PSS-71-1.
Dec. 30, 1970.

National Oceanographic and Atmospheric Administration.
"Environmental Assessment of the Alaskan Continental
Shelf." Interim Synthesis: Beaufort/Chukchi.
Compiled Dy the Arctic Project Office, OCSEAP.

Aug. 1978.

Ocean Industry. "First Under-Ice Pipeline Pull Planned
for Canadian Arctic.'! P, 191. Sept. 1977.

O'Connell, J.M. ‘“Cathodic Protection of a Hot .Pipeline
In Frozen Earth." Materials Performance. P. 13.
May 1977.

(@)
®
[

" Gas Pipelines.™ P. 92. Aug. 13, 1979.

:

@)
®
[

"Liquid Pipelines.” P. 85. Aug. 13, 1979.

"Thawing May Cause Re-laying of Part of Alyeska
Line." P. 24. July 23, 1979.

BB

"API Calls Proposed Line Safety Rules Impractical."
P. 58. Feb. 12, 19709.

(@)
®
<

"Pipelines Eye 150,000 Miles in 1979-83." P. 22.
Jan. 22, 1979.

|

"Alaska: Alyeska Isn't the Whole Story."
Nov. 25, 1974.

i

"Big North Slope Compressor Plant Set."
Nov. 25, 1974.

©)
®
[

"Prudhoe Gas Reservoirs are Center of Pipeline
Battle." Nov. 25, 1974.

|

P

"Quantum Jump Seen for Pipeline Technology.™
P. 58. Jan. 7, 1974.

Oil Week. "Pipelines from Arctic Islands Being Studied,"
. 37. Feb. 28, 1977.

Oil Week. "Undersea Pipelines Arctic Epic." P. 26.
July 3, 1978.

Oklahoma University. "Analysis and Management of a
Pipeline Safety Information System.”™ Report No.
DOT-TST-75-47. NTIS Catalog No. PB 238828. 1974.




126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Oriard, L.L. and R.G. Tart. '"Controlled Trench Blasting
in Frozen Ground."” Proceedings of the ASCE Pipeline
Division Specialty Conference. The Monteleone, New
Orleans, La. Pipelines in Adverse Environments.
Vol. 1, P. 79. Jan. 1979.

Ostergaard, C., T.E. Schellin and M. Sukan. *Hydro-
dynamic Calculations of Compact Structures."
Germanischer Lloyd. Jan. 1979.

Ostergaard, C. and T.E. Schellin. "On the Treatment
of Viscous Effects in the Analysis of Ocean Plat-
forms.'" Germanischer Lloyd. Mar. 1973.

Page, FW. and |.K. Iskandar. "Geochemistry of Subsea
Permafrost at Prudhoe Bay, Alaska.” U.S. Army
Corps of Engineers. CRREL Special Report 78-14.
Sept. 1978.

Palmer, A.C., D.J. Baudais and D.M. Masterson. "Design
and Installation of an Offshore Flowline for the
Canadian Arctic Islands.”™ OTC No. 3446. 1979.

Parker, M.E. and J. Herbich. *"Drag and Inertia Co-
efficients for Partially-Buried Offshore Pipeline.™
OTC No. 3072. 1978.

Payer, H.G. "Selected Topics in Computer Aided Struc-
tural Analysis of Marine Structures.'" Germanischer
Lloyd. Sept. 1974.

Penner, E. "Frost Heaving Pressures in Particulate
Materials.” National Research Council of Canada.
NRCC 13674. 1973.

Penner, E. "Soil Moisture Redistribution by Ice Lensing
in Freezing Soils.”™ National Research Council of

Canada. NRCC 12640. May 1972.

Phukan, A. "Geotechnical Engineering Applications to
the Chilled Gas Pipeline Design in Cold Regions.™
Proceedings of the ASCE Division of Pipelines
Specialty Conference. The Monteleone, New Orleans,
La. Pipelines in Adverse Environments. Vol. 1,
P. 157. Jan. 1979.

Pietsch, D.D. et al. "The Trans-Alnska Pipeline."
5th Intl. Congress Francaise d'Etudes Nordique
Le Havre, France. P. 302. May 1973.

Raymond, C. and R.J. Usell, Jr. "Fracture Mechanics in
Cost- Effective Pressure Vessel Design.™ Journal of
Spacecrafts and Rockets. Vol. 6, No. 6. June 1969.




138.

139.

140.

141,

142,

143.

144.

145.

146.

147,

148,

149.

Raymond, L. *"Designing Cost-Effective Pressure Vessels
Based on Fracture,Mechanics." Proceedings of 2nd
Tenksburg Symposium on Fracture, University of
Melbourne, Australia, Mar. 3-5, 1969; and Proceed-
ings of the 2nd International Conference on Space
Engineering, Venice, Italy. D. Reidel Pub. Co.,
Dardriecht, Holland. May 7-10, 1969.

Redshaw, P., AW. Stalker and K. Allen. "Explosive
Welding-The Deepwater Pipeline Connection/Repair
Solution.'" OTC No. 3349. 1978.

Reimnitz, E. and D.K. Maurer. "Storm Surges in the
Alaskan Beaufort Sea." Annual Report, OCSEAP
Research Unit 205. 1978.

Reimnitz, E. and PW. Barnes. '"Sea lce as a Geologic
Agent on the Beaufort Sea Shelf of Alaska.” The
Coast and Shelf of the Beaufort Sea. Arctic
Institute of North America. 1974.

Reimnitz, E., L. Toilmil and P. Barnes. "Stamukhi
Zone Processes: Implications for Developing the
Arctic Offshore.”™ OTC No. 2945. 1977.

Saxby, LW. "The Trans Alaska Pipeline Above Ground
Insulating System." The Northern Engineer. Vol. 7,
P. 11. Winter 1975-1976.

Schaferman, D.A. "Pipeline Control Station is Automated."
0GJ. P. 56. May 27, 1974.

Searby, HW. and M. Hunter. "Climate of the North Slope
Alaska.'" NOAA Tech. Memo NAS AR-4. National
Weather Service, Anchorage, Alaska. P. 53. 1971.

Seaton, E. "Pipeline Building Costs Continues Steep
Climb.* 0GJ. P. 67. Aug. 13, 1979.

Seed, A.B. and M.S. Rahmann. ' Analysis for Wave Induced
Liquefaction In Relation to Ocean Flow Stability."
UC Berkeley Report No. UCB/TE-77/102, May 1977.

Sellman, P.V. and E.J. Chamberlain. "Permafrost Beneath
the Beaufort Sea: Near Prudhoe Bay, Alaska.” OTC.
No. 3527. 1979.

Sellman, P.V., K.L. Carey, C. Keeler, AD. Hartwell.
"Terrain and Coastal Conditions on the Arctic
Alaskan Coastal Plain." U.S. Amy Corps of Engineers.
CRREL Special Report No. 165. 1972.




150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

Shapiro, L.,H. and R.G. Barry. '"The Sea lIce Environment." .
Environmental Assessment of the Alaskan Continental.
Shelf, Interim Synthesis: Beaufort/Chukchi. EAP.
NOAA. P. 3. 1978.

Small, SW. and H.N. Wallin. "Practical Considerations
in Placing Underwater Pipelines." lnternational
Symposium on the Engineering Properties of Sea-
Floor Soils and Their Geophvsical Identification.
Proceedings. P. 188. 1971.

Smith, H.D. and R.H. Gunderson. "Pipe-lay Models Can
Prevent Mistakes.'" O0GJ. P. 90. July 17, 1972.

Spill Technology Newsletter. '"Surface Techniques for

the Detection of Oil Under Ice.' Environmental
Protection Service, Ottawa, Canada. P. 57. Vol. 4.
Mar. -Apr . 1979,

Stenson, D.R. "Air Filtration Experience, Arctic
Applications." Gas Turbine Conference, San
Francisco, Ca. Mar. 1872.

Stepath, Myron, Chairman of the Board, Arcair, Lancaster,
Ohio. "Underwater Welding--Where Do W& Go From
Here?" Ocean Industry. P. 87. May 1977.

Swank, J.C. 'Deepwater Pipeline Tie-In Techniques
Described by Shell.' 0GJ. P. 81. Aug. 6, 1979.

Swift, W.H.,, R.E. Brown, L.V. Kimmel, M.M. Orgill,
P.L. Petersen and W.W. Waddel. 'Geographical
Analysis of Oil Spill Potential Associated with
Alaskan Oil Production and Transportation Systems.™
Prepared for the U.S. Coast Guard Office of R&D
by Battelle Memorial Institute, Pacific N.W.
Laboratories, Richland, Washington. P. 275. 1974.

Tagunov, M.F. '"The Effect of Normal Heaving Forces of
Frozen Ground on Pipelines.”™ A Survey of Soviet
Literature. Williams Brothers Engineering. 1969.

University of Texas at Austin, Petroleum Extension
Service and APl. "Introduction to the Oil Pipeline
Industry,”™ second edition. 1978.

University of Texas at Austin, Petroleum Extension
Service and API. " Oil Pipe Line-Pumping Station
Operation." Vol. 1V. 1976.

University of Texas at Austin, Petroleum Extension
Service and API. " Oil Pipeline Construction and
Maintenance.” Vol. II, second edition. Apr. 1973.




162.

163.

164.

165.

166.

167.

168.

169.

U.S. Code of Federal Regulations, Title 49.

Part 190 Interim Minimum Federal Safety Standards
for the Transportation of Natural and
Other Gas by Pipeline. 1978.

Part 191 Transportation of Natural and Other Gas
by Pipeline; Reports of Leaks. 19709.

Part 192 Transportation of Natural and Other Gas
by Pipeline; Minimum Federal Safety
Standards. 1979.

Part 195 Transportation of Liquids by Pipeline.
1979.

U.S. Department of Energy. "Energy Data Reports."
Crude Oil and Refined Products Pipeline Mileage
in the United States. Jan. 1, 1977.

U.S. Department of the Interior (DOI). ‘“Mineral Industry

Surveys.”™ Crude-0il and Refined Products Pipeline
Mileage in the United States. Jan. 1, 1974; Jan.
1971; Jan. 1, 1968,

U.S. DOI, U.S. Geological Survey, Gulf of Mexico Area.
Offshore Pipeline Failures (photocopies of records,
1967-1978). 1979.

U.S. Department of Transportation (DOT), Office of
Hazardous Materials, '"Summary of Liquid Pipeline
Accidents Reported on DOT Form 7000-1 from Jan. 1,
1968 through Dec. 31, 1968." 1969.

U.S. DOT, Office of Pipeline Safety. “Summary of
Liquid Pipeline Accidents Reported on DOT Form
7000-1 from Jan. 1, 1972 through Dec. 31, 1972."
1973.

Jan. 1, 1973 through Dec. 31, 1973." 1974,
Jan. 1. 1974 through Dec. 31, 1974.'" 1975.
Jan. 1, 1975 through Dec. 31, 1975,'" 1976.
Jan. 1, 1976 through Dec. 31, 1976.' 1977.

U.S. DOT, Office of Program Support. "“Summary of
Liquid Pipeline Accidents Reported on DOT Form
7000-1 from Jan. 1, 1977 through Dec. 31, 1977."
1978.

U.S. DOT, Materials Transportation Bureau. Form DOT
7100.2-1 Data Compilation Covering 1970-76,
unpublished. 1979.




170.

171.

172.

173.

174.

17/5.

176.

177.

17/8.

179.

Vita, C.L. and J.W. Rooney. "'Seepage-Induced Erosion
Along Buried Pipelines.'” Preprint, Proceedings,
Cold Regions Specialty Conference, Vol. 11.

May, 19/8.

Wadhams, P. "Characteristics of Deep Pressure Ridges
in the Arctic Ocean.’ Proceedings, 4th Intl.
Conference on POAC, st. John"s, NewFoundland.

Vol. T, P. 544. Sept- 26-30, 1977.

Walker, G., D.G. Schulz and R.J. Theriault. *Pipelines
in Intermittent Muskeg Terrain.' Preprint,
Proceedings, Cold Regions Specialty Conference.
Vol. 11. May 1978.

Wang, L. and R. Fung. "Selsmlc:DeS|gn Criteria for
Buried Pipelines." Proceedings of the ASCE Pipe-
line Division SpeC|aIt Conference. The Monteleone,
New Orleans, La. Pipelines in Adverse Environments.
Vol. 1, P. 130. Jan. 1979.

Webb, B.C. *Guidelines Set Out for Pipeline Pigging."
OGJ. P. 196. Nov. 1979.

Weeks, W.F., Group Chairman. "Environmental Hazards to
Offshore Operations.” Environmental Assessment of
the Alaskan Continental Shelf. Interim Synthesis:
Beaufort/Chukchi, OCSEAP. NOAA. OCSEAP Synthesis
Report. P. 335. 1978.

Weeks, W.F. "Ice Related Environmental Problems."
(Draft Report). Prepared for the Environmental
Criteria Working Group of the Committee on Offshore
Energy Technology. OCSEAP. 1978.

Weeks, W.F. and A. Kovacs. "‘Dynamics of Nearshore Ice.’
Annual Report. OCSEAP Research Unit 91. 1978.

Williams, R.D. and H.P. Thomas. '‘Geotechnical Surveil-
lance and Monitoring of the Trans-Alaska Pipeline."
Proceedings of the ASCE Pipeline Division Specialty
Conference. The Monteleone, New Orleans, La.
Pipelines in Adverse Environments. Vol. III. P.
474. Jan. 15-17. 1979.

Wiseman, W.J., N_N. Su¥a¥ﬁ S_.A. Hsu and C %lters
“Characteristics O e 'Nearshore ceanograp
Environment of Arctic Alaska.' The Coast and Shelf
of the Beaufort Sea. The Arctic Institute of North
America. P. 49_. 1974.




180. Woodward-Clyde Consultants. 'Offshore Alaska Seismic
Exposure Study.'". Prepared for Alaska Subarctic

Offshore Committee. Vol. V. 1978.

181. Woodyard, A.H.  "An Insulated Offshore Oil Pipeline
for Deep Water.”™ OTC No. 3070. 1978,

182. Young, R.N. and J.E. Osler. 'Heave and Heaving Pressures
In Frozen Soils.'"™ Canadian Geotechnic Journal.
Vol. 8. P. 272. 1971.




